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FOREWORD

Authentic information on the proper selection, installation

and operation of Pumping Machinery, Air Compressors and

Condensers, has long been the source of constant search by

engineers, architects and those interested in either the theory
or practical application of this class of machinery.

Thirty successful years in the manufacture of this product
has brought to us the realization of the need of a practical and

condensed collection of this data, and we have, for the con-

venience of our friends, compiled this Union Engineering

Handbook devoted to the theory and practice in design and

use of Air Compressors, Centrifugal Pumps, Condensers, Steam

and Power Pumps.

This book is presented as typical of the engineering service

extended by
UNION STEAM PUMP COMPANY,

Battle Creek, Michigan.

PUMPING MACHiNfiRY, lAIR_^QMPRESS QRS __
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Compressed Air and Air Compressors

Scarcely an industry exists that does not utilize compressed
air in some manner. Second only to electricity in the extent

and diversity of application, compressed air is one of the most

important factors in every phase in the art of manufacture. The

rapid development of compressed air appliances has brought
about economical results that are reflected in every field of indus-

try. As the economical application of compressed air is wholly

dependent upon its economical production, it is apparent that

the modern air compressor must embody every refinement in

design and construction.

The cost of producing compressed air involves three separate

items: first, interest and depreciation on the amount invested

in compressed >air equipment; second, operating cost; third,

maintenance or upkeep cost. To minimize the cost of production,

it is necessary to minimize each and every one of the above items.

As all three items depend upon the design and construction

of the air compressor, good judgment and experience recommend

as the best investment the purchase of a strictly high grade

compressor, commanding a fair price which is a true measure of

its value and which covers a construction insuring the lowest oper-

ating and upkeep cost. In Union Air Compressors will be found

these necessary requirements.

The selection of the type of compressor depends entirely

upon local conditions. Where steam is available, a steam driven

unit is most desired. The steam cylinder constitutes a very

efficient steam engine, and the power is transmitted direct,

eliminating transmission losses and saving the expense of belts,

shafts, pulleys, etc. On the other hand, there are numerous

cases where a belt driven machine is far cheaper to operate, and

the purchaser is always best competent to judge which type is

the more desirable.

Principles of Compressed Air

In order to obtain an idea of the subject of air compression,

there are certain underlying principles and laws that should be

reviewed. On the following pages are given the basic laws and

formulae for air compression that must be recognized when

studying this subject.



Boyle's Law: At constant temperature, the volume of

a gas is proportional to the absolute pressure or PV = P
1
V 1

in which

P = Initial absolute pressure in pounds per square inch.

V. = Initial volume in cubic feet.

PI= Final absolute pressure in pounds per square inch.

V\ = Final volume in cubic feet.

This law expresses the fact that if the pressure on a certain

volume of gas is doubled, the volume will be one-half the

original volume (if the temperature is constant) ,
or conversely,

if at constant temperature, the pressure is reduced one-half,

the volume will be doubled.

Charles' Law: At constant volume, the pressure of a

perfect gas is directly proportional to the absolute temperature
or at constant pressure the volume is directly proportional to

the absolute temperature or:

T T! T T!

in which T and T
: are initial and final absolute temperatures in

degrees Fah.

Combining Charles' and Boyle's laws, we have the tormula

P V_Pj V
l

"IT T!

Joules' Law: When a perfect gas expands doing no ex-

ternal work, the temperature remains constant. For example
in the equation

P VP V

If T^TiWe have P V = P
l
V lt

which is the law of expan-
sion of a perfect gas.

Specific Heat The Specific heat of a substance is the

amount of heat (B. T. U.) that is required to raise the temper-
ature of a pound of the substance through 1 Fah.

Specific Heat at Constant Volume Cv

PV PI Vi
In the equation- = *

T Tj

P P
If V = Vithen we have =

T T!

which is the law of Charles. Suppose we have a certain volume

!|

'
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cylinder and piston having full charge of air between the piston

and cylinder head. As the piston moves, the volume of air

becomes smaller, and the temperature rises, the former in

inverse proportion to the absolute pressure exerted, and the

latter equivalent to the amount of work done. Under these

conditions the air at the end of the compression will retain all

of the heat so produced, and this particular compression is

called adiabatic.- In actual practice such conditions of com-

pression are impossible.

P Vi
In adiabatic compression the law = 1

is not followed

strictly, because as the temperature rises unchecked, it reacts

on the air being compressed to increase the volume. Therefore

to write an expression for adiabatic compression, it is necessary

T7

that be increased by an amount equivalent to the amount

of external work done on the air by heat reaction during com-

pression. It has been shown by various authorities on heat

or thermodynamics that

P (Vj) .
C
p .2375_=_ m

wluchn=^
=1.41

for air holds nearly tiue.

Work of Adiabatic Compression

Figure 1 shows the theoretical indicator card oi an air

cylinder having no clearance. The total work done is equal
to the work of compression shown by the area under the curve

B C, plus the work of expulsion of the air from the cylinder
shown by the area P2 V2 ,

minus the work done on the piston

by the inlet air shown by the area P
l Vj. Then calling Q the

total amount of work

= 498.7 P v--l (2)

and the horse power required to compress 1 cubic foot of free

air per minute adiabatically is

AND CONDENSERS FOR EVERY" SERVICE
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(3)

Figl

EXAMPLE: What horse power will be required to com-

press adiabatically 1 cubic foot of free air at sea level to 100

pounds gauge pressure?

SOLUTION: Inserting the above values in equation 3:

H. P. =

4.5

= .18

(1.811)

Isothermal Compression

Isothermal compression is compression at constant tem-

perature. In other words this is compression wherein all heat

is removed by some form of cooling device as fast as it is pro-

duced. The relation then existing between pressure and volume

at any instant is shown by the equation :

PI V,=P2 VS -C (4)

E
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Actual Compression with Clearance

In the actual practice of air compression, neither of the

above formulae would apply, for it is impossible to design an

air compressor cylinder in which either adiabatic or isothermal

compression can be obtained. The air cylinder in practice
is equipped with a water jacket for the remqval of some of the

heat <Sf the compression, and to facilitate lubrication, but all

of the heat cannot be removed. A certain amount is retained

in the air itself, and some is left in the cylinder walls and piston.

The actual compression curve then will lie somewhere between

the isothermal and adiabatic curves, and the exact location

depends upon the efficiency of the water jacket, the temper-
ature of the circulating water, etc.

Also in the actual cylinder there is a certain amount or

lost space or clearance in the ends of the cylinder between the

piston and the heads, and around the valves, all of which has

its effect on the shape of the indicator card. This clearance

at the end of the piston is filled with air at the discharge pres-

sure and temperature. As the piston recedes, the clearance air

expands, doing work on the piston, and finally the re-expanded
air occupies part of the volume of the cylinder behind the piston.

No air can be drawn into the air cylinder until the pressure in-

side falls below that of the atmosphere.
In the compression of a perfect gas receiving heat in some

Fig. 3

I
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regular way, the following relation of volume and pressure at

any instant generally holds true :

PVn = C (7)

The value of n on tne ordinary single stage air compressor
as given by Church is 1.33, and Unwin as 1.25. The exact

value varies with the compressor, and depends upon the size of

the cylinder, speed of the machine, design of the water jacket,

and temperature of the cooling water.

In figure 3 is shown an air diagram taken from the cylinder

with clearance, and the compression curve lies between the

isothermal and adiabatic curves. The total amount of work
done during the forward stroke is shown by the area A B C G
(q) ,

but by the re-expansion of clearance air there is an amount
of work Q

1 returned to the receding piston, shown by the area

A F G. Therefore the net amount of work done by the piston
is shown by the area A B C F or Q, and its value is given in

the expression

(V\ V3) is the net amount of air drawn into the cylinder.

The horse power required to compress one cubic foot of free air

per minute is shown by the following equation:

..
15.6 (n-1) \ 14.7 /

EXAMPLE : What horse power will be required to actually

compress one cubic foot of free air at sea level to 100 pounds

gauge pressure ?

SOLUTION: Inserting these values in equation^.

1.25 /ni4.7l \
H.P =---

(
- J '25 -1

)

15.6X.25\L 14 - 7J /

= .320 (7.8-
2

1)

= .320 (1.51 1)

H. P. = .163

coNE>EN ERS
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Fig. 4.

Figure 4 shows the actual air indicator card taken from a

single stage air compressor having disc valves on the inlet and

discharge. The areas A and B represent the amount of work

necessary to open the discharge and the inlet valves, and G
F is the volume occupied by the re-expanded clearance air. The
volume lying between the suction line and the atmospheric
line is the energy expended to fill the cylinder with air.

Two Stage Air Compression

It is evident now that isothermal compression requires

the expenditure of the least amount of power. As before

shown this form of compression is impossible in practice, but

an approach to it is realized by compression in stages, and

cooling the air between each stage. In this way isothermal

compression is partially realized as will be seen later.

In two stage compression the air is drawn from the atmos-

phere into the first or low pressure cylinder, and there com-

pressed up to a certain pressure. It is then discharged through
an intercooler where the temperature is reduced by circulating

water, and then drawn into the second or high pressure cylinder

where the compression is continued up to the desired terminal

pressure.

Work of Two Stage Air Compression

In a two stage compressor it is customary to proportion
the cylinders so that the work is equally divided between the

two.

In the following it is assumed that the work is the same

in each cylinder, and further that the temperature of the air

10
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Fig. 5

after passing through the intercooler is the same as the atmos-

phere.

Figure 5 shows the cycle of operation in a two stage com-

pressor. A volume V
l
of air under pressure P^ is drawn into

the low pressure cylinder, and there compressed to volume V2 ,

and pressure P2 . The air is cooled and the volume is reduced

to that shown by GC, which is equivalent to the volume obtained

in isothermal compression from P
1 to P2 . The high pressure

cylinder then receives the air and compresses it up to the pres-

sure P4 and volume V4 . The curve of compression follows

the broken line EDCB.
If the air was compressed in a single stage compressor

from P
x to P4 , the curve of compression would be E I (P Vn

=

C) and the work done shown by area AIEF. The work done by
two stage compression is shown by the area ABCDEF, and
the saving realized by staging is shown by the area BIDC.

If Q 1
and Q2 equal work done in j:oot pounds, to com-

press air in the low pressure and high pressure cylinders re-

spectively, and Q= total work of compression, the value of

Q then is

n-i

(10)

AND CONDENSERS FOR EVERY SERVICE
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The horse power required to compress one cubic foot of

free air per minute in this way, remembering that (Vj_
- V3) is

the net amount of air drawn into the low pressure cylinder, is

7. 8 (n-1) \l4.7
P2 in equation 11 is the intercooler pressure, while in for-

mulae for work in single-stage compression, 'P2 designates termi-

nal pressure.

Example: What horse power will be required to actually

compress one cubic foot of free air at sea level, by two stage

compression, to 100 pounds gauge pressure?
Solution: With two stage compression, P2 for 100 pounds

pressure is (from table page 16) 26.3 -f 14.7 =41.0 pounds.

Inserting the values in equation 11:

1.25
- 1 ' 25-1

H. P. =
7.8 (1.25

.64 (2.78-
2

1)

.64 X .227

.145

Multi-Stage Compression and Its Advantages

Theoretically there is a gain in multi-stage compression,
whatever the pressure. However, with low pressures, the sav-

ing is so small as to be offset by the additional expense involved,

and the unavoidable mechanical losses in the operation of the

additional mechanism. Experience has fixed from 80 pounds
to 100 pounds gauge as maximum terminal pressures, which

can be best attained with a single stage compressor; and for

pressures from 80 pounds up, multi-stage compression in two,

three and four-stage compressors is employed.
In multi-stage air compressors correctly designed, the

cylinder ratios are such that the final temperatures, and mean
effective pressures are equal in all cylinders, and all pistons

are, therefore, equally loaded. The air compressed in the first

cylinder with a pressure determined by the cylinder ratio, is

discharged through the discharge valves to an intercooler where

it is split up into thin streams passing over cold surfaces. Mod-

ern practice involves a nest of tubes through which cold water

circulates, and over and between which the stream of air passes,

complete breaking-up and subdivision of the stream being se-

12
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now at column 4 of the table, the percentage of loss in two stage

compression at this pressure is found to be 16.9 per cent, which
is very close to the figure found in practice. Applying this

value, it is seen that to deliver the equivalent of 100 effective

horse power in air at 100 pounds pressure, by two stage com-

pression, about 117 indicated horse power will be required. In

this case as between single and two stage-compression, we have

a direct saving of 13 indicated horse power or 10%.

Higher Volumetric Efficiency: Before free air can enter

through the suction valves, the air remaining in the clearance

space between piston and head, at the end of the stroke, must be

expanded on the return stroke to atmospheric pressure. Evidently
the higher the pressure in this clearance space, the greater this

expanded volume, and the lower the intake efficiency of the

cylinder. In single stage compression, clearance pressure is

the working pressure. In compound compression, clearance

pressure in each cylinder is terminal pressure in that cylinder,

but this terminal pressure in the intake cylinder is low, gener-

ally not over 25 pounds, when the final working pressure is 100

pounds. The volumetric efficiency of a multi-stage compressor
is higher for this reason, the clearance -in the low pressure cylinder

only, being in question.

Another reason for higher volumetric efficiency resulting

from multi-stage compression is the fact that terminal press-

ures, and consequently terminal temperatures are lower than in

single stage cylinders. The cylinder walls and more particular-

ly the heads with the valves and ports which may be in them

are therefore kept much cooler, and the entering air is not

much heated by contact with these parts. A third element

entering into the question of capacity is the reduced leakage in

stage-compression cylinders through valves and past pistons and

rods with the resultant loss of power. It is evident that the

higher the pressure, the greater liability to leaking; and the

smaller range of partly balanced pressures in multi-stage cylinders

reduce this loss.

Drier Air : One of the greatest difficulties encountered in

air power transmission has been the freezing of the moisture in

the air, either in the pipe line, or at the exhaust ports of the air

motors. One of the great advantages of multi-stage compres-
sion lies in the opportunity it affords for cooling the compressed
air between stages to a temperature at which its moisture will

be precipitated. Practically all of this condensation occurs in

the intercooler; and herein appears the necessity for a design,

t[ nt t tntt^AtKAtti.mtttu MmK ^ KKminRaKnKaAKAnK ^ K ^ A^ f̂:^^^^^M1^SJIi^^^^ A ^ n
y\
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Correct Cylinder Ratios for Two Stage
Compression.

The correct ratio of cylinders is obtained by the following
formula :

or 2 stage compression,

(12)

In which r = ratio of cylinders.

P3
= Absolute terminal pressure in pounds per

square inch.

P = Atmospheric pressure in pounds per square
inch.

Thus in two stage compression, we extract the square root

of the number of atmospheres to be compressed. This pro-

portion of cylinder volumes divides the work equally between

the different stages.

The intercooler pressure (Pj) in a two stage compressor
is obtained by the following formula :

(13)

In which P
l
= Intercooler pressure oetween first and

second stages.

The following table gives the correct cylinder ratio and

intercooler pressure in two stage compression for gauge pres-
sures from 50 to 500 pounds per square inch.



Air Compression at Altitudes

If a compressor is operated at a greater altitude than sea

level (14.7 pounds per square inch), the intake air pressure

will be proportionately less, and additional work is imposed

upon the compressor.

The capacity of "a given compressor is less at higher altitudes

than at sea level, because of the diminished density of the intake

air.

Volumetric efficiency is also less at altitudes, due to the

fact that the clearance air expands to the atmospheric pressure
and consequently when expanding occupies a larger volume

of the cylinder.

The table on page 70 gives the multipliers for compression
at altitudes.

Mechanical Efficiency

The mechanical efficiency of a steam driven compressor
is equal to the air indicated horse power divided by the

steam indicated horse power or

_ Air Indicated H. P.
m ~

Steam I. H. P.

and the mechanical efficiency of a power driven air compressor is

_ _ Air Indicated H. P.

Brake H. P. Delivered to compressor shaft.

This efficiency depends on the mechanical construction

of the compressor and the lubrication. It varies from 80% to

92%.

Compression Efficiency

Compression efficiency is the fatio of the theoretical

Horse Power required to compress an amount of air to that

actually required or

Theoretical Horse Power.
T^ IM

/* /*\

Actual Horse Power.

I AND
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This efficiency depends upon the water jacket and cooling

devices, and it is principally to increase compression efficiency

that compound compression is employed. To determine the

compression efficiency, the isothermal curve is plotted on the

air card figure 7, starting of course at the beginning of the

stroke and ending at the theoretical delivery line, or thermal

pressure line. The area AFDE, this divided by the area

ABDC of the actual card, is the compression efficiency. Actual

compression curves will follow the adiabatic curve quite closely

as the water jacket has little effect other than to facilitate

lubrication.

Fig. 7.

Displacement

Air compressors are always rated according to displace-

ment, that is the volume displaced by the net area of the com-

pressor piston.

Capacity

The capacity should be expressed in cubic feet per minute

of free air at intake temperature, and at the pressure of dry air

at the suction.

PUMPING MACHINERY. AIR COMPRESSORS
awatfv>ttttWvt^g^-^^w^t^nrTrirrg^^
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This shows that there is a loss of 1% in volumetric effici-

ency for every 5 rise in temperature of the intake air.

Volumetric efficiency is also affected by changing the

atmosphere or intake pressure, the temperature remaining
constant. To show this, assume that the compressor, referred

to above, were removed to an altitude of 5000 feet, where the

intake air is at 12.20 pounds pressure, and 60 Fah. Now 85

cubic feet of this air is equivalent to 70 cubic feet of free air at

sea level and the volumetric efficiency is

v 100

In the selection of air compressors, it should be borne in

mind that they are always rated according to the piston dis-

placement, and due allowance must be made for the volumetric

efficiency. The volumetric efficiency of the average compres-
sor varies from 70% to 95% according to the size and conditions

of operation.

Compressor Installation and Operation.

The large majority of instances of unsatisfactory opera-

tion of air compressors eminates from the improper installa-

tion in the first place, and continued negligent operation
and disregard of the compressor manufacturer's instructions

in the second place. An air compressor is looked upon by many
engineers as a machine that can be tucked away in an out-of-way

place, and left to itself without any attention.

An air compressor, like any piece of machinery, requires

some attention for successful operation, and if the operator,

before erecting a compressor, will spend a little time famil-

iarizing himself with the practical principles of an air com-

pressor, the biggest majority of the cases of trouble will be

eliminated. A careful study of the compressor manufacturer's

instructions will enlighten the operator on this subject.

Location.

An air compressor should be installed in a place which

is clean and cool, and ample space be provided all around the

compressor for cleaning and inspecting. Too often compres-

20



sors are pushed off in a corner where it is an impossibility to

get around them. Locations of compressors in boiler rooms,
near coal piles, or other places where there is liable to be an

accumulation or a settling of dust and dirt, should be avoided.

Foundations.

Air compressor foundations depend of course upon the size

and type of air compressor, as well as the nature of the soil.

An air compressor, like an engine, requires a rigid founda-

tion to prevent any vibration. The value of a foundation

made of good materials, and well built, will be readily under-

stood. The slight difference in cost between the best and
inferior materials and workmanship will save future annoy-
ance and expense. The materials used in the foundation

depend somewhat upon local conditions, but it is advisable

to use cement concrete, as this material furnishes an excellent

foundation at a comparatively small cost.

The following mixture is recommended for concrete

foundations : One part Portland cement, three parts coarse sand

and six parts broken stone.

Allow the foundation to stand at least a week after it is

completed, before placing the compressor upon it.

With each compressor, the manufacturer sends out a

detailed foundation plan, and the foundation can be laid out

and built from this plan before the compressor is received.

Air Inlet Piping.

It has already been shown that an increase of 5 Fah. in

the temperature of the intake air is accompanied by a decrease

of 1% for volumetric efficiency, which means that as the intake

air temperature increases, the free air capacity of the com-

pressor decreases, and the same amount of power is expended
as though the full capacity of the compressor was being realized.

To get the best results, the air intake should be piped
to the outside of the building, some 8 or 10 feet above the

ground level, or above the roof. Dust and dirt must by all

means be prevented from entering the compressor, as it will

cut and wear the cylinder surfaces, as well as the valve seats,

and cause all manner of trouble. The intake opening should

be hooded to keep out rain, and carefully screened to eliminate

dust and dirt.

AND CONDENSERS _FOR EVERV SERVICE
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The intake pipe should be at least the size of the inlet

on the compressor, and wherever the line is of any length, it is

advisable to increase this size to avoid fractional losses.

Discharge Piping

The discharge pipe should be at least the diameter of the

discharge opening in the air cylinder, and contain as few bends

as possible! The discharge pipe should be carried the full size

into the receiver.

Air Receivers

The functions of an air receiver are (1) to create a cushion

and eliminate the compressor pulsations in the pipe line; (2)

to serve as a storage of power; (3) to cool the air and pre-

cipitate any oil or moisture in entrainment; (4) to eliminate

friction losses that would occur, if cooling were effected in the

pipe lines. The receiver should therefore be located in a cool

place, and as close as possible to the compressor. The receiver

fittings should include pressure gauge, safety valve and blow-

off cock.

Lubrication

Bearings in modern air compressors, the main bearings
as well as the connecting rod and crosshead bearings, are usually

lubricated by means of the splash system.

Fig 8.

The sectional view shown herewith, illustrates an enclosed

type air compressor lubricated by the splash system. The

frame forms with its covers a closed chamber, with a quantity

of oil in the basin below the crank, into which the crank and

connecting rod dip at each revolution. The motion of these

parts splashes the oil to every bearing, and insures copious

lubrication. By means of a well designed settling chamber,

22
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any sediment or abrasive material, which may accumulate in the

oil, is returned to the bottom of the frame, and prevented from

being carried through the bearings. Close fitting cast iron

covers prevent any leakage from the frame.

Air Cylinder: The air cylinder lubrication is by far the

most vital point in air compressor lubrication, and as a rule it

seems to be the least understood. In order to appreciate the

necessity of proper cylinder lubrication, it is advisable to con-

sider the conditions that have to be met.

The compression of air results in a rise in temperature

according to the equation on page 3. For adiabatic com-

pression of air, the temperature and pressure relations are ex-

pressed by the formula:

n-i ,_ _,

1.29 (18)

and Ti =T

Where T and T
1 are the initial and final absolute air tem-

peratures, and P and P
1 the initial and final absolute pressures,

therefore the temperature of the air at discharge from the

cylinder is dependent not only upon the pressure, but on the

temperature of the intake air. For example, assume a single

stage compressor operating at sea level at an atmospheric

temperature of 60 Fah., and discharging against 70 pounds
pressure. The final temperature then is:

or 405 Fah.
[84

. 7
~j

. 29

w.r]
866 absolute

TABLE 1. CYLINDER TEMPERATURES AT END OF PISTON STROKE.

Final
Pressure
of Air

Lb. Gage



This calculation does not take into consideration jacket

cooling, or heat radiation, so in practice the actual discharge

temperature will be slightly less. The foregoing table gives

the cylinder temperature, in single and two stage compression
for pressures from 10 pounds up to 250 pounds gauge.

For successful lubrication of the air cylinders, it is neces-

sary to use oil which reduces the friction to a minimum, and

eliminates carbonization as much as possible. Carbonization

is generally caused by using a poor grade of oil, such as steam

cylinder oil, which is easily decomposed by the heat of com-

pression, or the use of too great a quantity of oil, or the failure

to properly screen the intake pipe of the compressor, thus

permitting dust and foreign matter to enter the air cylinder.

Air cylinder oil should be a medium body pure mineral oil

of either a paraffin-base or asphaltic-base.

With the paraffin-base oil, any carbon deposit is very

adhesive, and of a hard flinty material
;
while with the asphaltic-

base oil, the carbon deposit is of a light fluffy nature, and easily

cleaned out.

The following tables published by the Compressed Air

Society will serve as a guide to specify the qualities to be posses-

sed by an oil for air cylinder lubrication.

The average range of figures are recommended for single

stage compression up to 100 pounds pressure, and for two

stage air compression for higher pressures in which the air is

cooled between stages so that the maximum terminal tem-

perature is not in excess of that due to a pressure of 100 pounds
for a single stage compressor.

TABLE II. PHYSICAL TESTS OF PARAFFIN-BASE OILS.

Minimum Average Maximum
Gravity, Baume 28 to 32 deg. 25 to 30 deg. 25 to 27 deg.
Flash point, open cup 375 to 400 deg. F. 400 to 425 deg. F 425 to 500 deg. F
Fire point 425 to 450 deg. F 450 to 475 deg. F 475 to 575 deg. F
Viscosity (Saybolt) at 100

deg. F 120 to 180 sec. 230 to 315 sec. to 1500 sec.

Color Yellowish Reddish Dark red to green
Congealing point (pour test) 20 to 25 deg. F 30 deg. F. 30 to 45 deg. F

TABLE III. PHYSICAL TESTS OF ASPHALTIC-BASE OILS

Minimum Average Maximum
Gravity, Baumf. 20 to 22 deg. F 19.8 to 21 deg.F 19. 5 to 20. 5 deg. F-
Flash point, open cup 305 to 325 deg. F 315 to 335 deg. F 330 to 375 deg. F
Fire Point 360 to 380 deg. F 370 to 400 deg. F 385 to 440 deg. F
Viscosity (Saybolt) at 100

deg. F 175 to 225 sec. 275 to 325 sec. 475 to 750 sec.

Color Pale yellow Pale yellow Pale yellow
Congealing point (pour test) deg. F. deg. F. deg. F.

J"
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The best of lubricating oils will cause a deposit of carbon

In the compressor system, and for this reason the air cylinder

should be cleaned occasionally probably once a month, by
filling the lubricator with a strong solution of water and soap,

and feeding liberally during a day's run. Careful attention

to this will avoid an accumulation of carbon in the cylinder

and pipe line.

The oil in the crank case should be drawn out once a

month, and the frame thoroughly washed out with kerosene,

and then wiped out clean with a cloth. The oil may be used

over again if it is properly filtered.

Circulating Water

The duty of the jacket water is to carry off the heat of

compression, and to do this successfully requires that the supply
of cooling water be liberal. The air cylinders are provided

with water inlet openings at the bottom, and the outlet at the

top. The water outlet should be in plain view of the operator

to insure that the water is circulating, and it is best to arrange

this by allowing the water to flow into an open funnel.

General Construction of Air Compressors.

In the modern air compressor, the frames are of the enclosed

type, and are of either the center crank or side crank design.

The center crank design illustrated in Fig. 9 is used on single

compressors. The side crank design illustrated in Fig. 10 is

of the rolling mill type, and is used only on duplex compressors.

Fig. 9.

JULJJ^Tm!^3gi^-'rT^^E?1Cy^^
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the shaft is of the center crank type with counter weights

securely fastened to each crank.

Fig. 12.

On duplex compressors, the shaft is fitted with heavy
balanced crank discs, which are forced on to the shaft by
hydraulic pressure, and securely held in place by means of

carefully fitted keys. The crank fins, which are of carbon

steel, are finished, ground to size, and pressed into the crank

discs, after which they are riveted over on the back.

Connecting Rod

The connecting rod is a high grade Hammered steel forging.

It is fitted with bronze box in the crosshead pin end, and babbitt

lined bronze box in crank pin end. Wedge adjustment to com-

pensate for wear is provided for both boxes. The bearing boxes

are designed with liberal proportions, insuring low bearing

pressures per square inch.

Fig. 13.
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Crosshead

The crosshead is a steel casting and is provided with ad-

justable parallel-fitted bronze shoes top and bottom. It has

unusual large bearing surface and the bearing pressure per

square inch is correspondingly low.

Crosshead pin is made of best grade carbon steel and is

accurately finished, hardened and ground. It is fitted into

the crosshead on a taper and is secured by a nut and a lock nut.

Fig. 14.
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Air Valves

Fig. 226.

Discharge Valve Parts.

Fig. 227. Suction Valve Parts.

Fig. 228.

Suction Valve Parts Used on Class "BL" Air Compressors.

30



The valves and their arrangement are the most vital parts
in the construction of an air compressor. No pains have been

spared to make these parts of the best quality and design. Both

suction and discharge valves are of the flat-disc type and are

made of special grade, heat-treated steel, ground to size. Suc-

tion and discharge valves are of the same size and interchange-
able. These valves which with their seats and guards consti-

tute single units, are easily accessible by the removal of screwed

caps. The valve-seats are of the double-ported type, which

arrangement gives a maximum opening with very slight lift of

valve. These features practically eliminate all noise of opera-
tion and insure a long life of the valve at high speeds.

Fig. 19.

Air-Cylinder Section, Showing Piston Construction,

Valves, Water-Jacketing Spaces.
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Where ample belt centers cannot be obtained, the short

belt drive is advisable. This arrangement consists of a floating

idler pulley and a very short belt. The weight of the idler takes

up the slack of the belt, and increases the arc of contact on the

driving and driven pulleys, so that the full power is transmitted

without any undue strain on the bearings, or belt itself.

The short belt drive is recommended as the most satis-

factory type of drive for a power driven air compressor.
The gear drive, and the silent chain drive are never advis-

able, and should be used only on very small units where the de-

mand for compactness renders them imperative.

Steam Consumption of Air Compressors

The steam consumption of an air compressor varies with

the type and size of machine, and the conditions of operation.

The following table will give an idea of the approximate
steam consumption of air compressors of different sizes with

simple and compound steam cylinders.

Table of Steam Consumption of Air Compressors

Simple Steam Cylinders.

Steam per I. II. P. per hour, non-
condensing, 100-125 pounds

Size of Cylinders steam pressure.

x 6 46

8x8 42

10 x 10 40

12 x 12 33

14 x 15 30

16 x 15 29

18 x 15 28

Compound Steam Cylinders.

Steam per I. H. P. per hour, non-

condensing, 100-125 pounds
Size of Cylinders
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Indicated or Brake Horse Power of an Air
Compressor

The method of calculating the theoretical horse power to

compress air by single stage and two stage compression has

already been shown, and on pages 66 and 67, the theoretical
horse power for various pressures in one, two, three and four

stage compression is tabulated.
The theoretical figures given do not take into consideration

the losses in the air cylinders due to clearance, the heat of com-
pression, etc., nor the mechanical losses in 'the operation of the

compressor. Consequently, to arrive at the indicated or brake
horse power to compress a cubic foot of free air, it is necessary
to take the indicated horse power of a steam driven compressor,
and the brake horse power of a power driven compressor, and
measure the actual free air delivered corrected to the suction

temperature and pressure.
The indicated or brake horse power to compress a cubic

foot of free air may then be accurately determined, and all

losses are taken into consideration.
Due to these varying conditions in the compression of air,

it is a more convenient method of calculation to base the indi-

cated or brake horse power on the displacement of the com-
pressor.

The following tables give the approximate indicated or
brake horse power to compress air by single or two-stage com-

pression per cubic foot of compressor displacement. In compar-
ing the horse power figures for single and two-stage compression,
it should be borne ^in mind that a two-stage compressor has a

higher volumetric efficiency than a single-stage machine.

Approximate Indicated or Brake Horse Power to Compress 1 Cubic Foot of Com-
pressor Displacement per Minute by Single Stage Compression at Sea Level.

Gauge
Pressure



Fig. 25. Class "SL" Steam-DrivenFig. 24. Class "BL" Belt-Driven .Fig. 2

Air Compressor, Enclosed Type. Air Compressor, Enclosed Type.

Class "BL" Belt-Driven Air Compressors, Enclosed Type.

Air
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Fig 188

High Pressure Duplex Belt Driven Gas Compressors

For Extraction of Gasoline From Natural Gas

Size of
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Fig. 28.

Class "DBL" Duplex, Short-Belt Driven Center Crank Air Compressor, Enclosed Type.

Size of
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Fig. 30b

Class "DSL" Duplex Steam-Driven Center Crank Air Compressors, Enclosed Type. Fig. 30a

Size of
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Pig. 33a

"DSTL" Duplex Two-Stage. Steam-Driven Center Crank Air Compressor,
Enclosed Type Fig. 33a

SIZE OF
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USES OF COMPRESSED AIR

New uses are being found every day for compressed air.

The following list shows a few of the many applications of

compressed air, which will serve as a guide to those contem-

plating its use.

ACID WORKS
Agitating, Elevating and Trans-

ferring Acids and Acid Solutions

Pumping Water

ASPHALT REFINERIES
Agitating Asphalt
Scaling Asphalt Tanks or Vats

AGRICULTURAL IMPLE-
MENT MAKERS

Operating Pneumatic Hammers
and Drills

Running Pneumatic Hoists and
Lifts

Sand Blast for Cleaning Castings
and Removing Paint

Pneumatic Painting and White-
washing

Blowing Oil Furnaces
Cleaning Boiler Tubes

AUTOMOBILE GARAGES AND
REPAIR SHOPS

Pumping up Tires

Cleaning Engines and Machines
by the Air Jet

Operating Jacks, Lifts and Hoists

Running Pneumatic Hammers,
Drills, Reamers, etc.

Cleaning Cars and Cushions with
the Air Jet

Operating Brazing Forges
Supplying Oil Burners

Starting Gas and Gasoline Engines

BLEACHERIES
Pumping Water
Handling Chlorine or Bleaching

Solutions

Agitating Liquids

BOILER SHOPS
Running Chipping, Riveting and

Calking Hammers
Operating Drills, Reamers, Flue

Rollers, Flue Expanders, Stay
Bolt Cutters, Punches, etc.

Blowing Rivet Forges
Supplying Hoists, Lifts and Jacks
Cleaning Boiler Flues

Removing Scale, Rust and Paint

by the Sand Blast

BREWERIES
Pumping Water
Racking Beer
Scaling Condenser Coils

Cleaning Boiler Tubes
Cleaning Machines by the Air Jet
Operating Air Hoists and Lifts

Refrigeration

BRIDGE BUILDERS
Operating Chipping and Riveting
Hammers, Drills, Reamers,
Punches, etc.

Supplying Air Hoists and Lifts

Blowing Rivet Forges
Cleaning Steel with the Sand

Blast
Pneumatic Paint Spraying
System

CEMENT BLOCK FACTORIES
Operating Sand Sifters

Running Concrete Rammers
Air Hoists and Lifts

CEMENT LAKES
Pumping Marl or Slurry by the

Return-Air System

CEMENT MINES OR
QUARRIES

Operating Rock Drills

CHEMICAL WORKS
Pumping Water
Agitating, Aerating, Elevating
and Transferring Liquids

Testing and Calking Tanks and
Pipe Lines

CHINA WORKS AND
POTTERIES

Spraying Colors and Enamels

COAL MINES
Operating Coal Punchers, Chain

Machines and Coal Cutters

Running Rock Drills and Ham-
mer Drills

Pneumatic Haulage Systems
Return Air System for Station
and Sump Pumping

AND CONDENSERS FOR EVERY SERVICE
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Operating Direct-Acting Pumps
Running Coal Pick and Drill

Sharpeners
Cleaning Boiler Flues
Pneumatic Tools for the Repair
Shop

Air Hoists, Lifts and Motors
Pile Drivers for Shaft Sinking
Air Lift Pump for Water Supply

or Mine Unwatering

CONTRACT WORK
Running Rock Drills, Hammer

Drills and Stone Channelers

Operating Pneumatic Hammers,
Drills and Reamers

Calking Pipe Lines and Tanks
Running Pumps
Plug Drills in Trenching
Sheet Pile Drivers
Drill Sharpeners
Blowing Smith Fires
Submarine Drills

Subaqueous Tunneling
Caisson Work
Steam Shovels

COTTON FINISHING WORKS
Pumping Water
Operating Baling Presses

Cleaning Presses, Slashers, and
other Machines by the Air Jet

Agitating, Elevating and Trans-

ferring Dyes and Solutions
Air Hoists, Lifts and Motors
Automatic Sprinkler Systems
Humidifying Systems

COTTON MILLS
Pumping Water
Cleaning Looms, Lifts and Spindle

Rails by the Air Jet
Humidifying Systems
Automatic Sprinkler Systems
Air Lifts, Hoists and Motors

Moistening Goods

COTTON OIL MILLS
Cleaning Crusher Rolls and

Separator Plates
Air Hoists, Lifts and Motors

Pumping Water
Operating Formers

CREOSOTING PLANTS
Wood Preserving Processes

CUT STONE AND MONUMEN-
TAL YARDS

Running Stone Tools, Polishers,
etc.

Lettering and Carving
Cleaning, Carvings with the Air

Jet
Air Hoists and Lifts

Running Plug Drills and Brush
Hammers

DYE WORKS
Pumping Water
Agitating, Elevating and Trans-

ferring Dyes

ELECTRIC POWER AND
LIGHTING PLANTS

Operating Air Hoists

Cleaning Engines and Generators
with the Air Jet

Cleaning Boiler Flues

Calking Boilers

ELECTRIC RAILWAYS
Cleaning Motors and Generators

with the Air Jet
Pneumatic Hammers and Drills

Air Hoists, Lifts and Jacks
Blowing Forges
Cleaning Cars by the Air Jet
Pumping Water
Air Brakes

Storage Air Brake Systems
Switch and Signal Systems
Operating Car Doors.
Track Sanders

Cleaning Rails by the Sand Blast

Preliminary to Electric Welding

ENAMELED IRON WORKS
Blowing or Spraying Enamel

FIRE STATIONS

Blowing Fire Whistles

Pumping Water
Cleaning, with the Air Jet
Cleaning Boiler Flues

FOUNDRIES

Operating Sand Rammers and
Molding Machines

Pneumatic Hammers and Drills

Pneumatic Sand Sifter

Air Hoists, Lifts and Motors

Cleaning Castings by the Sand
Blast

Blowing Out Cores

Drilling Salamanders
Aerating Metal in Bessemer

Process
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Pumping Water
Air Hoists and Lifts

Pressure Filters

TANNERIES
Pumping Water
Handling Tan Liquid
Air Hoists and Lifts

THEATRES AND HALLS
Cleaning with the Air Jet
Displacing Water
Handling Scenery with the Air

Hoist and Lift

U. S. GOVERNMENT
Pneumatic Tube Systems
Torpedo Chargings
Ammunition Hoists

Pumping Water
Sand Blasts

WAREHOUSES AND
STORAGE

Air Hoists and Lifts

Air Motors
Air Cleaning

WATCH FACTORIES
Blowing Dust, Chips, etc., with

the Air Jet
Pneumatic Tools
Air Hoists and Motors

WATER WORKS
Pumping Water
Cleaning Boiler Flues

Calking Boilers and Tanks
Calking and Testing Pipe Lines
Sheet Pile Drivers

Plug Drills and Rock Drills for

Trenching

WOODWORKING MILLS
Bending Wood

WOOLEN MILLS
Pumping Water
Agitating and Handling Dyes and

Solutions

Cleaning Looms, Doffers and
Spindles

Air Motors, Hoists and Lifts

Pressure Accumulators
Starting Gas and GasolineEngines
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51



Compressor Data Required for Full and
Correct Reply

When writing for information or prices on compressors, you
will insure a prompt, full and satisfactory reply by giving us as

far as possible answers to the following questions:
Method of Drive If Steam.

1. Maximum and minimum pressure at compressor

throttle, or

2. Boiler pressure, distance from boiler to compressor,
and size of steam pipe?

3. To operate condensing or non-condensing?
4. Are we to furnish condenser?

5. Have you any preference as to type of engine or steam

valve to be used? Refer to cut in catalogue or advise in detail.

6. Special features or remarks ?

If Electric.

7. Voltage of motor?

8. Direct current or alternating?

9. If alternating, phases and cycles?

10. Gear, chain or belt drive?

11. Slow, moderate or high-speed motor?

12. Have you any preference as to type or make of motor?

13. Special features or remarks ?

Volume of Air Required.

14. Maximum air, cubic feet per minute?

Free or compressed air? State which.

15. Maximum gauge pressure at machine, or

16. Maximum gauge pressure at work?

17. Distance from compressor to work?

18. Character of work to be done?

19. Altitude above sea level where compressor will be

located?

20. Special features or remarks ?

General Conditions.

21. Floor space and head room, if limited?

22. Are we to install?

23. Character of work for which required, such as gas

compression, air lift pumping, handling oil or acids, etc.?

24. Approximate hours per day compressor will operate?

25. Comments and remarks?

52



Cost of Compressing Air

Coal, Gasoline, and Electric Current Compared

In the contemplation of purchasing a relatively small air

compressor unit, say 30 to 100 H. P. capacity, it is often de-

sirable to consider various sources, of power for operating it

and the cost of fuel. Data given in the Practical Reference

Tables have been compiled to show readily these comparisons
wherein the air compressor is to be driven either by:

1. Steam Engine, direct connected or belt driven.

2. Gasoline Engine, direct connected or belt driven.

3. Electric motor, direct connected or belt driven.

It may be noted from the example given in each table that

to compress and deliver 100 cu. ft. of free air at 90 Ib. pressure,
1. The cost of coal will be 0.5232 cent

2. The cost of gasoline will be 1 .08 cents

3. The cost of electric current will be 1.1 cents

when the cost of coal is taken at $6.00 per ton, gasoline at 22

cents per gallon, and electric current furnished by a steam oper-
ated commercial distributing plant at 4 cents per K. W. Hour.

In using these tables, it is, of course, necessary to assume
certain figures suiting local conditions in order to make proper
comparisons, after first determining the horsepower required
to compress and deliver 100 cu. ft. of free air per minute and

assuming the mechanical efficiency of all the machines is about
the same.

In Table I, the steam consumption of the engine must be

approximately determined. In the example, it is taken at

34 Ibs. per horsepower per hour; if it were 17 Ibs., the cost of

coal would be one-half. The boiler evaporation in the table

is given as delivering to the engine 7 Ibs. of water for each

pound of coal burned, and any percentage of variation from
this performance should appear in the calculations. When
the final figure of cost in the table is determined, it must be

multiplied by the cost of coal in dollars per ton. A steam
driven compressor requires boiler power, and the cost of this

and the expense of operating it must be considered, when

comparing with other sources of power, aside from the cost o:

coal which latter is covered by the table.

In Table II, the gasoline consumption per brake horse-

power will not vary greatly, but the percentage of variation

should be considered. If kerosene or other oils are burned

.AND CONDENSERS FOR EVERV SERVI C E
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TABLE II

Cost of Gasoline in Cents to Compress and
Deliver 100 Cubic Feet of Free Air

Gasoline Consumption One Pint Per Brake Horsepower Per Hour

Brake H. P. to
deliver 100 Cu.

Price of Gasoline per Gallon

Qents
Ft. Free Air
per Minute
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Pumping with Compressed Air

The air lift pumping system is a method of lifting water or

other fluid by means of compressed air. This method of pump-
ing is generally employed where conditions are such that it is

impractical to use a^mechanical pump.

Advantages

The principal advantages of the air lift system of pumping
are the following:

Quantity: There is no question but that more water can

be secured from a deep well with the air lift, than by any other

method 06 pumping, providing the conditions are suitable for

its use.

Quality: The aeration of the water produced by the air

lift system of pumping is acknowledged to be one of the prin-

cipal methods for purifying water in nitration plants.

If> free sulphur gas is encountered in the well, it is almost

completely removed by the action of the aeration in the air lift.

Temperature: With the air lift system of pumping, the

expansion of the air lowers the temperature of the water.

Simplicity : The air lift is the simplest method of pumping,
and it requires the least attention and repairs. With the air

lift all the machinery is in the power house, and all trouble such

as pulling sucker rods, working barrels, etc. is eliminated.

Terms Used in Air Lift Work

In discussing the air lift and air lift propositions, certain

general terms are used that must be understood. By referring

to figure 38, page 58, these terms are explained thusly :

Static Head: Normal water level^ when not pumping,
measured from the surface or ground level.

Drop : Point to which the water level drops below the

static head, while being pumped.
Pumping Head : Level of waterwhen pumping, with reference

to the ground level. Pumping head equals static head plus the

drop.

Elevation: Point above ground level to which the water

is raised.

Total Lift: The distance water is raised, from level, when

pumping, to point of discharge. Total Lift equals elevation

plus static head plus drop.
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Fig. 38.

Diagram of an Air Lift.



Submergence: The distance below the pumping head at

which the air picks up the water.

Starting Submergence: The distance below the static head
at which the air picks up the water. Starting submergence
equals drop plus submergence.

Ratio of Submergence
If you have a given ascertained percentage of submergence,

the actual submergence would be ascertained by multiplying
the lift by the percentage of submergence, and dividing the pro-
duct by one hundred minus the percentage of submergence, as

expressed in the following equation :

Submergence=
Hft X Percentage of ^mergence.

(W)
100 percentage of submergence.

The percentage or the ratio of submergence is expressed
as follows:

Ratio = -

(20)

lift 4- submergence.

The necessary percentage of submergence varies with the

lift; low lifts require proportionately more submergence than

high lifts.

The following gives an idea of the proportion of submergence
to lift, for good results:

For lifts up to 50 feet 66% submergence.
" " "

50 to 100 ft. 60% submergence
" " "

100 to 200 ft. 55% submergence
" " "

200 to 500 ft. 50% submergence.
" " "

300 to 400 ft. 45% submergence.
" " " 400 to 500 ft. 40% submergence.

The Air Lift Installation

To secure the best results, compressed air should be in-

troduced into the well in a finely divided state, so that the

bubbles are small and equally distributed throughout the water.

It is evident that if the air pipe merely discharges the air into

the water through a full opening in the pipe, the result will be

large bubbles instead of the equally divided condition which is de-

sired. It is therefore advisable to either cap the end of the air
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pipe and drill small holes in the side near the end, or use an air

nozzle as shown in figure 38, so that the air will be admitted to

the water in small jets which will produce the small bubbles

necessary for efficient results.

Inasmuch as the action of the air lift depends upon form-

ing an emulsion of air and water, which is lighter than water,

it is evident that a perfect condition would be one in which the

bubbles, when introduced in the bottom of the well, would

maintain the same size in their passage to the discharge. It

will be readily seen, however, that inasmuch as the pressure

is relieved from the air bubbles as they rise toward the surface,

the bubbles become larger and larger; the proportion of the

air to the water increases exactly in proportion to the expan-

sion, and this decreases the efficiency of the lift.

This expansion of air, because it requires an increased

volume per minute to pass through the pipe, has the effect of

throttling the mixture of air and water, which is another source

of loss in efficiency. The ideal lift would have its discharge

line so proportioned that its area would be constantly increased.

The proportion to this increase in volume thus keeps the ve-

locity constant. In deep wells, it is advisable to approximate

this condition by installing the discharge line in sections of

different diameters.

Air and Water Pipes

The following table gives the sizes of water and air pipes

required for the central pipe system of pumping as illustrated

on page 58. The size of well casing and the pumping capacity

for which these pipes are adapted is also given. The drop pipe

should extend below the air nozzle not less than 5 feet, and from

15 to 20 feet, if possible, depending upon the depth of the well.

Smallest Well
Casing



Calculation of the Air Lift.

We are now prepared to consider a concrete prob-

lem in air lift pumping. Given a well with a 7 inch casing,

300 feet deep, the water in which stands 75 feet below the ground

level, but which falls 10 feet when being pumped at the rate of

200 gallons per minute, and it is required to raise the water 15

feet above the ground.

Then from the above*

Static Head equals 75 feet

Drop equals 10 feet.

Pumping head equals 85 feet.

Elevation equals.' 15 feet.

Total lift equals 100 feet.

By referring to the table on page 59, the percentage of sub-

mergence for 100 feet lift is 60%. Substituting this value in

equation 19, on page 59,

100 X 60 6000 = 150 ieet submergence.
100 - 60 40

With 150 feet submergence, and with the pumping head

given of 85 feet, the distance from the surface of the ground
to the bottom of the air pipe or nozzle will be,

150 + 85 = 235 feet.

As stated on page 63, the drop pipe should (if possible),

extend down 15 to 20 feet below the air pipe, or in the example

given, 255 feet from the surface of the ground.

Referring to table on page 63, the compressor displacement

required to elevate 200 gallons per minute against a total lift of

100 feet with 60% submergence is:

200 X .585 = 117.0 cubic feet of free air per minute.

AND CONDENSERS FOR EVERY SERVICE
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Information Required for Correct Recommenda-

tion for Air-Lift Pumping

Air Lift Pumping.

Number of wells and relative locations, distance apart and

distance from proposed location of compressor. Also the

following for each :

1. Entire depth of well.

2. Inside diameter.

3. If boring is reduced, state at what depth and to what

diameter.

4. If cased, state inside diameter of casing.

5. Depth from surface to water level when not pumping.

6. Capacity of well at present when pumped in gallons

per minute.

7. Depth from surface to water level when pumped at

this capacity.

8. Style, kind, size, and capacity of pump at present used.

9. Elevation above ground surface to which water is to

be raised.

10. Horizontal distance from well to tank.

11. Is compressor to be operated by steam direct, electric

motor or belt power?

12. If by steam direct, state steam pressure carried.

13. At what depth below the surface is the source of water

located ?

14. Number of gallons per minute required.
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Horse- Power, Efficiency and Terminal Temper-

ature in Air Compression to Various

Pressures

Single and Two Stage Compression
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Table of Volumes, Mean Pressures,

Temperatures, Etc.

IN THE OPERATION OF

Air Compression from One Atmosphere

and 60 Deg. F.

Gauge Pressure
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Free Air at Atmospheric Pres-
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Air Used in Cubic Feet Free Air Per Minute
Per Indicated Horse-power in Motors

(Without Reheating)

Point Gauge Pressure *in Pounds

of



Volume of Air and Pressure Required to Drive

Direct Acting Steam Pumps

From Hiscox's "Compressed Air"
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Centrifugal Pumps
For many years the centrifugal pump, which is the simplest

type of pumping machine, undeveloped and crude in design and

construction, was used only for pumping against comparatively
low heads, and where economy was of secondary importance.
In recent years, however, a great advance has been made in the

design and construction of centrifugal pumps; and the higher

degree of economy now secured, both at high and low heads,

also the vise of the turbine pump constructed in multiple stages,

have brought the centrifugal pump into general use for a vast

variety of purposes. Formerly it was not thought possible to

operate centrifugal pumps at heads greater than 20 or 30 feet

with any degree of economy, but with the remarkable progress

that has been made in both the theory and design, it is now

possible to build economical pumps for heads up to 300 feet

per stage.

In a centrifugal pump, the mechanical power delivered to

the shaft by the prime- mover is transmitted to the water by
means of a series of radial vanes cast together to form a single

element called an impeller, and revolved by the shaft. The

water is led to the inner ends of the impeller vanes which pick

it up with a rapidly accelerating motion causing it to flow radially

between them so that when reaching the outer circumference

of the impeller, the water, owing to the velocity and pressure

acquired, has absorbed all of the power transmitted to the pump
shaft; thus the problem to be solved in impeller design is to

obtain the acquired velocity and pressure with a minimum loss

in shock and friction. Since the energy of the water on leaving

the pump is required to be mostly in the form of a pressure,

the next problem is to transform into pressure the kinetic energy

of the water due to its velocity on leaving the impeller, and to

accomplish it with the least possible loss.

The accomplishment of this is the function of the casing

which may be of the volute type, or the circular type with

diffusion vanes. The change from velocity to pressure is ac-

complished by slowing down the speed of the water, and it is

necessary that this change take place gradually and uniformly,

with the least loss from eddies and shock. With a proper design

of volute or diffusor, it is possible to transform practically the

whole of the velocity into pressure so that the loss from this

source is very small.

90



Impellers

Enclosed Impeller Fig. 39 Open Impeller

There are two general forms of impellers which are known as

the open and enclosed type.

The former consists of a set of radial vanes attached to the

central hub and disk, and open at the sides, the whole revolving

between the two fixed side plates of the pump, while in the latter

the vanes are formed between two circular disks which form

closed passages between the vanes and extend from the inlet

opening to the outer periphery of the impeller. Since the open

impeller revolves between the two stationary disks, it is necessary

to allow some clearance on each side to prevent contact, with the

result that there is considerable leakage at these extended points
and a consequent loss of efficiency. The water passing through
the impeller is revolved against these stationary side plates with

a velocity approximately the same as that of the vanes, and there-

fore offers a frictional resistance proportional to the square of

this velocity. In the enclosed impeller there can be no leakage

by the sides of the vanes. The only possible leakage being
around the outside of the impeller into the suction, and this is

practically prevented from occuring by means of a running fit

around the inlet opening. The frictional loss of an enclosed

impeller is caused only by the outer surface revolving in the sur-

rounding water. Since the frictional loss of the impeller is the

principal loss in the centrifugal pump/ it is evident that any
saving at this point will greatly improve the efficiency of the

pump. For these reasons the enclosed impeller is used more

extensively than the open impeller and particularly in efficient

pumps. The open impeller is particularly adapted to handling

liquids which contain sand, grit, or other foreign matter.
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Fig. 189. Multistage Volute Pump.

Fig. 43. Shaft and Rotating Parts of Multistage Pump.

With the multistage type of pump, it is necessary to pro-
vide a balancing device to take up the end thrust of the impeller.

Referring to the accompanying Fig. 44, we see that in

space A and B, the pressure created by the impeller is the same.

Fig. 44. Hydraulic Balancing Device for Multistage Volute Pump.
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For Drainage and Irrigation

Drainage and Irrigation pumps usually involve low heads

and generally the amount of power to be supplied is compara-

tively small. The centrifugal pump for this service is a desir-

able unit on account of its simplicity, low first cost, and low

operating expense.

Elevator Service

For elevator service, which involves a supply of varying

quantities of water under a high and practically constant head,

the centrifugal pump is particularly adapted.

Fire Pump Service

As a fire pump, the centrifugal is used extensively on ac-

count of its exceptional reliability and simplicity.

The power-limiting characteristic is particularly valuable

since it protects the driving motor against overloads; also the

flat head delivery characteristic will prevent excessive rise in

pressure and possible rupture of hose, when the delivery is de-

minished.

Hot Water Service

For the circulation of hot water in heating systems, the

centrifugal pump is extensively used on account of its constant

discharge pressure, and because it does not give rise to disturbing
noises in the piping system and radiators.

In the House and Office Building

The centrifugal pump is particularly adapted for house and

office buildings where noiseless operation is imperative, and con-

stant pressure is desired.

In the Iron and Steel Industry

In the iron and steel industry, centrifugal pumps have be-

come an important factor for handling liquids.

PUMPING MACHINERY AIR COMPRESSORS
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Data Required for Estimates for Union

Centrifugal Pumps

When sending for estimates, please answer the following

questions :

1. Number of pumps required '.

2. Capacity of each pump... U. S. gallons per minute.

3. Total lift, including suction lift, discharge lift, and pipe

friction feet.

4. Length and size of suction pipe

and maximum distance from water level to pump feet.

5. Length and size of discharge

pipe, number and type of elbows and

bends.

6. Nature of liquid to be handled ..Fresh water,

salt water, acidulous, alkaline, gritty, solids in suspension?

7. Temperature of liquid Fah. Specific gravity

8. Service, continuous Intermittent

9. If electric-motor-driven, state characteristics of current

If direct current, give voltage If alternating

current, give voltage cycles phase

10. If steam driven, state whether connected to steam tur-

bine or steam engine.

11. Give steam pressure, superheat, if any, and state whether

condensing or non-condensing.

12. If belt driven, give dimensions and speed of driving

pulley.

NOTE. Give additional information as to location, service of pump, special con-

ditions, etc., in order to enable us to furnish the proper outfit.
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Fig. 51.

Impeller Diagram
In the above diagram
V2
= Tangential velocity, impeller at outer periphery.

Vj= Tangential velocity, impeller at inner periphery.
Z2
= Relative velocity of water at outlet.

Z
1
= Relative velocity of water at inlet.

C
2
= Absolute velocity of water at outlet.

J2
= Radial velocity of water at outlet.

J 1
= Radial velocity of water at inlet.

W = Tangential velocity of water at outlet.

a2 Outlet angle of impeller.

a
t
= Inlet angle of impeller.

The above diagram illustrates the layout of a centrifugal

pump impeller. Like all engineering work, the various factors

entering into the design of centrifugal impellers are determined

by experience. The design of a centrifugal pump impeller is

ultimately based on the performances of other impellers. The

theory indicates what would be the general effect of altering
certain dimensions, hence, successful design consists of modify-

ing or changing the design of impellers, which have been tested

out.

AND CONDENSERS FOR EVERY SERVICE



Theory

Referring to figure 51, the water enters the impeller inlet

with a radial velocity J lf
and leaves the impeller with an absolute

velocity of C2 . The inner peripheral velocity of the impeller
is V

lf
and the outer peripheral velocity V2 . All velocities are in

feet per second.
'

Let H be the theoretical head in feet against which the

pump would deliver water, if there were no losses. Then

V|
T
2g

(21)

In which g = the force of attraction of gravity =32. 2 ft.

per second.

From formula 21

Having given the head against which the pump must work
and the diameter of the impeller, the speed of the pump may be

calculated by formula 21.

EXAMPLE: Assume we have to pump against a head of

100 ft,, and have an impeller of W% ff diameter. What would

be the required speed of the pump ?

By substituting in formula 21, we have:

V2 =V2gH

V2
= V2 x 32.2 x 100 =80.4 ft. per second.

This is equal to 80.4 x 60=4824 ft. per minute.

The circumference of the impeller 10^" in diameter =

10# x 3.14 =33.8* or 2.8 ft.

As the impeller has to revolve 4824 ft. per minute, it will

have to run fj-
= 1722 revolutions per minute.

The capacity of a pump depends upon the size of the suc-

tion and discharge openings, the size of the casing, and width

and diameter of the impeller. These factors are determined

by the designer from experience.
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Motor-Driven Pump. Fig. 193.

Union Motor-Driven Side-Suction

Volute Pumps
Maximum working pressure 52 pounds, or 120 feet.
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Belt Driven Pump. Fig. 54.

Motor Driven Pump. Fig. 55.

Union Horizontal Double-Suction Volute Pumps
Horizontal Split-Case Type
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Fig. 195. Belt-Driven Pump.

Fig. 196. Motor-Driven Pump.

Union Multistage Centrifugal Pumps

-



Fig. 179.

Union Motor-Driven Automatic Centrifugal

Pumps and Receivers

Size

Pump

Discharge
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Fig. 186.

Union Two-Stage House Pump

G. P. M.



Fig. 198.

Belt-Driven Pump.

Fig. 199.

Motor-Driven Pump.

Union Centrifugal Paper Stock Pumps
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How to Determine the Total Head of a

Centrifugal Pump
The total head against which a centrifugal pump operates

is made up of the sum of four factors as follows: suction lift,

discharge head, friction head (due to loss in suction and dis-

charge line) ,
and velocity head.

The suction lift is the vertical distance from the level of

the water to be pumped to the center line of the pump. If the

water level is above the center line of pump, the pump is operat-

ing under a suction head or a flooded suction, and this distance

must be subtracted from the sum of the remaining factors.

The discharge head is the vertical distance between the center

line of the pump and the level to which the water is elevated.

The friction head for pipes and elbows for different sizes and

capacities can be found on pages, 144147.
The velocity head "H" is determined by the Formula

in which

64.4

v __ .408 x Gallons per minute

~1?~"

D= Diameter of the pipe in inches.

(22)

Rig. 61.

Figure 61, illustrates the proper method of connecting up
a centrifugal pump for testing purposes.

Connection for suction gauge should be made at least 2>
"

from the face of the suction flange on pump. Connection for
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discharge gauge should be made at least 2>" from the face of

the discharge flange on the pump. All gauge connections should

be made absolutely tight and as short as possible.

To arrive at the total head that the centrifugal pump
works against, from the gauge readings, the following example

may be used:

Assuming the distance "A" (vertical distance from the center

line of the gauge connection in suction pipe to center line of

pressure gauge) to be 2 feet, discharge pressure 40 pounds

(by gauge), and vacuum (by gauge) 15 inches, when discharging

1,000 gallons of water per minute. Let 6 inches be the diameter

of the discharge pipe (where gauge connection is made) and 8

inches be the diameter of the suction pipe (where gauge connec-

tion is made). The total head for the above example is arrived

at as follows:

40 pounds pressure (see page 142) =92.4 feet.

15 inches vacuum (see page 152) =17.01 feet.

Distance A = 2.0

*Velocity head = 1.36.

Total head = 112.77 feet.

*The velocity head in the 6 inch discharge pipe by formula (22) equals 1.99 feet.
The velocity head in the 8 inch suction pipe by formula (22) equals .63 feet. The total

velocity head to be added, therefore equals the difference between these two figures or
1.36 feet.

If the suction and discharge pipes are of the same diameter

where the gauge connections are made, the velocity head will

be the same in both, and no correction need be made for same,
as the suction gauge readings include the velocity head in the

suction pipe, which in this instance is the same as the velocity

head on the discharge pipe. Where the discharge pipe is smaller

in diameter than the suction pipe, the difference between the

velocity heads in both pipes should be added to the other read-

ings given above in order to arrive at the total head. The

difference in velocity heads in the suction and discharge pipes

should be subtracted from the sum of the other readings given

above, if the suction pipe is smaller than the disharge pipe
where the gauges are connected. In the above example, the

friction head in the suction and discharge pipes is included in

the gauge readings.

It is of the greatest importance that the correct head be

determined, before purchasing a centrifugal pump.

AND CONDENSERS FOR EVERT SERVICE
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By referring to the characteristics reproduced on page 117,
it is seen that should the head be greater than that for which
the pump is designed, less water would be discharged, and if

the head is less, more water will be discharged. Particularly on

direct connected units, any error in specifying the correct head
involves either changing the impeller, the prime mover, or both.

Great care should be used in estimating the friction loss in

the piping, as this may be a very important -factor of the total

head.

Measurement of Water

To determine the volume of discharge of a centrifugal pump
or any pump, the means that may be employed according to

the circumstances are to weigh or measure the volume of liquid

discharged in a known time interval, by using the weir, a Venturi

meter, a Pitot tube, or a calibrated nozzle.

To measure the volume of, or weigh the liquid discharged
in a certain time interval, is the most accurate method, owing
to the fact that no arbitrary constants are necessary in calcula-

tion.

This method of measurement is very often used in labora-

tories and is the one used in testing out Union centrifugal pumps.
The Union Steam Pump test laboratory is equipped with a

large testing tank containing approximately 60,000 gallons of

water. The pump takes the suction from this tank and dis-

charges it into a smaller tank of exact known dimensions.

The weir is a standard device for measuring water. It

should be remembered, however, that all weir formulas and co-

efficients are purely empirical in their nature, and that the dif-

ferent formulas that are accepted at large do not give identical

results. The most widely used weir formula is the Francis

formula for rectangular weirs.

Q=3.33 (b .2H) H* (23)

Q= Cubic feet per second.

b = Breadth in feet of the notch or length of the weir.

H =The head in feet above the crest measured by the

hook gauge.

!^
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Discharge of Rectangular Weir
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For small rates of discharge, the triangular weir is better

than the rectangular weir. Any angle of notch may be em-

ployed, but the 90 triangular notch is the one most used. The

formula for the 90 notch is :

Q = 2.544 R* (24)

Q = Cubic feet per second.

H = Head in feet.

The following table has been computed from the above

formula :

Head
in ft.
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Fig. 64.

and the quantity of discharge can be found from the formula:

Q=CAV2lH (25)

In which Q equals the quantity of discharge in cubic feet

per second, C is a constant for the nozzle which varies from .95

to .98. A equals the area of the nozzle in square feet, H equals

the velocity head in feet.

The Pitot tube readings can only be accurate with a care-

fully calibrated nozzle and a careful determination of the co-

efficient C.

Fig. 65

Figure 65 illustrates a nozzle sometimes employed in the

measurement of water. The nozzle used should be carefully

calibrated, and a curve of discharge plotted, giving the quantity
of discharge from the nozzle for various pressures at the point
where the pressure gauge is attached. The formula for the dis-

cbKgei. '--JT (28)

_
,)'

In which C equals the coefficient of discharge which equals

approximately .99, H is the pressure head in the nozzle in feet,

d equals the diameter of the throat of the nozzle in inches, and D
equals the diameter of the nozzle in inches at which pressure
is measured.

AND CONDENSERS FOR EVERY" SERVICE
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If the pressure is measured in pounds per square inch, by a

pressure gauge, then H= 2.304 P +M
In which P equals pressure in pounds per square inch and

M equals the distance from the center of the nozzle to the pres-

sure gauge in feet. This formula takes .into consideration the

velocity of approach and the water column between the nozzle

and the gauge.

Measurement of Speed
To measure the speed of a centrifugal pump, the tacho-

meter is the best device, if it is occasionally calibrated. A
revolution counter may also be used, but care should be ex-

ercised in its use as it does not indicate fluctuations in speed,

and unless the readings are extended over a sufficient period of

time, it will not give an average.

Measurement of Power

The horse power applied to the pump shaft may be measured

in various ways depending upon the type of prime mover em-

ployed.
In testing laboratories, centrifugal pumps are tested by

means of variable speed, direct current motors. The motor

efficiencies are known, and by means of Volt Meters and Am-
meters the power input may be accurately determined by the

formula

Volts X Amperes ,.. ^^ . /or7N
B. H. P. =----- X Motor Efficiency (27)

746

The transmission dynamometer is also used, and is a very

accurate device. For alternating currents, the following

formula is used for arriving at the brake horse power

Volts X Amperes X Cos X VN X M
r>. rl. r.

746

M = Motor Efficiency.

N = Number of Phases.

Cos $
= Power Factor of Motor.

In the steam-engine driven pump, the power input is

arrived at by indicator cards.

In the gas-engine driven unit, the power input is measured

by the Prony brake.

PUMPING MAC H fNERY. AIR CjOM^RES S QR^S
Wv,w.ttVurrffWyuwFBBiwautfwwwJtt^^
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Characteristics

\
1
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Characteristics of a 5" Double-Suction Pump
Running at 1700 R. P. M. Constant Speed.

Fig. QQ

AND CONDENSERS FOR EVERV SERVICE
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the beginning. To rotate the impeller at this point, 13 H. P.

are required, representing the friction of rotation. As no useful

work is performed at the shut-off (the pump delivering no water) ,

the efficiency is zero. Special attention has to be called to the

fact that in contrast to a displacement pump, the head at shut-

off produced by a centrifugal pump, is from 10 to 20% greater

than the head at maximum efficiency.

"

No harm can be don<?

to the pump or to the pipe system by closing the discharge valves.

As long as the water and consequently the case do not heat

up excessively, due to friction produced by the rotation of the

impeller, the centrifugal pump may be operated with a closed

discharge valve.

Recapitulating, we state the two main points of the charac-

teristics of this pump :

(1) The impeller gives high efficiency over a remarkable

range (here 600-1100 G. P. M.).

(2) A non-overload characteristic protects the prime-
mover under all circumstances against serious overload.

Different Types of Characteristics

On page 120 we have reproduced an actual test of a 6-inch

double-suction centrifugal pump. The efficiency and power
curves both show the desirable features of the 5-inch test, which

we described before; that is good efficiency over a wide range

(here from 700 to 1200 G. P. M.), and a "non-overload" power
characteristic.

By inspecting the "head curve"however, we note a difference :

the impeller of the first pump produces a "flat characteristic,"

in other words, the shut-off point is about 5 to 10% higher
than the point of best efficiency. The impeller in the second

pump however produces a "steep characteristic," the shut-off

being about 20% higher than the point of best efficiency.

In order to decide which characteristic to use, various

points have to be taken into consideration.

Flat characteristics are suitable for installations where the

pump has to maintain a constant pressure regardless of variation

in capacity, as for boiler feeding, accumulators, etc.

Steep characteristics are to be used for installations pump-
ing against variable heads, as pipe line pumps, or pumps where

the head is purely composed of friction. In such a case, a steep

characteristic will be safer, as should the head vary, a pump

|
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with a steep characteristic will adjust itself easier than a pump
with only a small variation in the head curve.

For every pump we have a set of different impellers to suit

the different conditions of service. When ordering, state which

kind of characteristic is desired, if steep or flat. This will en-

able us to produce a pump which will give the best service.

Characteristics of a 6" Double-Suction Pump
Running at 1700 R. P. M. Constant Speed.

\

\

\

Fig. 67.
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=
(30) s (31)

t N, H
t (N,)

2 P
t (N,)'

In order to clearly illustrate the calculation of these form-

ulae, we will assume that a centrifugal pump at its most econom-
ical point discharges 5000 gallons per minute against a total

head of 50 feet, when operating at a speed of 900 revolutions

per minute, and it requires 90 brake horse power. Now it is

desired to increase this speed to 1000 %. P. M. How much
water will this pump discharge at its most economical point
and what is the total head and horse power required to operate
this pump under these conditions?

Referring to the above formulae, and substituting the

quantities therein, we have

Q ....5000 Gallons per minute.

N.._. 900 Revolutions per minute.

H.... 50 Feet.

P.... 90 Brake horse power.

Qx
X Gallons per minute.

Nj. 1000 Revolutions per minute.

H!_ Y Feet.

P
x

Z Brake horse power.

By Formula (29)

5000 900 5000 X 1000= 0,= = 5555 =X Gals, per minute
Qt

1000 900

By Formula (30)

50 =J900)^ 50X(100Q)^ 6L72=Yfeet
H

x (1000)
2

(900)
2

By Formula (31)

90 (900)
3 90 X (1000)

3

=_ - Pt
= . =124 = Z Brake H-Power

P 1
(1000)

3
(900)

3

If it is desired to keep the revolutions per minute constant,

and alter (Q), (H) and (P), this may be accomplished within

certain limits by changing the diameter of the impeller.

Assume D is the original diameter of the impeller (in inches

or feet) and D
x the proposed diameter of the impeller (in inches

or feet), and substituting these factors in place of N and N
1

respectively in equations 29-31 inclusive, Qlf Hj, and P
1 may

be easily calculated.

^
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A

of installation is desirable in small plants where the engineer
is more familiar with the engine, than the motor, or the steam
turbine. Steam engine driven centrifugal pumps are generally
low head pumps, and are mostly used for circulating pumps.

Fig. 69.

Steam Engine Driven Centrifugal

Gas and Oil engines are extensively used direct connected to

centrifugal pumps. One of the largest fields for this type is in con-

tractor's work for emptying excavations, sumps, and ditches.

Fig. 70.

Gas Engine Driven Centrifugal Pump.

[AC H INERY^AIR C

124

SOR.,



r



am a ..,..... ,,,,
UNION S T E PJJ M P COM PANY

Methods of Priming Centrifugal Pumps

Fig. 72.

In the cuts above are shown three methods of priming.

Fig. 1 shows a horizontal pump fitted with a discharge valve
and a steam ejector. The discharge valve being closed, the

steam inlet valve to the ejector being opened first, and then the

valve between the ejector and the pump opened, the air in the

pump and pipes will be exhausted, and the water drawn up into

them. When the ejector is placed near the pump, complete

priming will be indicated by water issuing from the ejector.

In shutting off the ejector, close the valve between it and
the pump first, and the steam inlet valve last. Where it is not

convenient to place the ejector near the pump; the air pipe may
be extended, in which case it is necessary that a slightly larger
air pipe be used than when the ejector is placed near the pump.

Fig. 2 shows a check valve used in place of the discharge
valve and a hand pump or power vacuum pump used in place
of a steam ejector. The priming being accomplished by the

same method as in Fig. 1, there should be a valve placed in the

air pipe which must be closed before starting. For hand prim-

ing, a common pitcher or Douglas pump may be used, piped a?

shown in the cut, that is, with the air pipe forming a loop a
little above the discharge. It is only necessary to put a little

water into this style of pump to water-seal it, and make of it

a very good vacuum pump, the loop referred to above prevent-

MA.C H INg^^AI^^^^^ESSOR.S ^j|
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ing the water from escaping. When a power driven vacuum

pump is used for priming, a water trap or other means should

be placed in the air pipe to prevent water entering and pos-

sibly breaking the primer. Where the valves on the vacuum

pump are large, this may be omitted. On large pumps, a water

glass similar to those used on boilers, placed near the top of the

pump shell, will show when the priming is complete.

Fig. 3 shows the method of using a foot valve, in which case

the pump and suction pipe are to be filled with water through
the discharge or top of the pump from any convenient source,

such as a small tank or hand pump, which can be piped to the

top of the centrifugal pump. Where the suction pipe is long,

there should be at least 5 feet of a discharge head on the pump
to prevent'the water being thrown out of the runner before the

water in the suction line begins to move, and thus cause failure

to start. It is well to turn the runner around once or twice by
hand to insure getting all air out of the arms, especially in small

ptimps. With vertical pumps, where check or discharge valves

are used, a vacuum gauge placed on the air priming pipe at the

head of the well or pit will show when the pump is primed and

avoid climbing down into the pit or well. A vacuum gauge

may be used in the methods of priming shown in Figs. 1 and 2,

but care must be taken to shut off the gauge before starting

the pump, as pressure will ruin a vacuum gauge.
Where a pressure of water of 30 or 40 pounds is available,

an air ejector may be operated for priming, substituting water

for steam. This however, requires a special ejector.

AND CONDENSERS FOR EVERY SERVICE
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Suction Lift Head Diagram for Centrifugal Pumps
Fig. 73.

I PUMPING MACHINERY. .AIR_C_Q.MPR.ES S_QR_S J
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STEAM PUMP COMPANY

Directions for Operating Centrifugal Pumps

The pump must always be primed before starting, other-

wise the interior parts which depend upon the water for lubri-

cation, will be injured. Never run a centrifugal pump empty.

The three methods of priming centrifugal pumps are fully

described on pages 126-127.

AS soon as case is primed by either method, pump should

be started with discharge valve closed, and brought up to speed.

Then open the gate valve slowly until desired quantity of

water is obtained. Failure of pressure to increase with the speed
indicates air in the pump casing. In this case, stop the pump
and prime again.

As long as the water and consequently the case do not heat

up excessively, due to friction produced by the rotation of the

impeller, -the centrifugal pump may be operated with a closed

discharge valve. In contrast with displacement pumps, no

by-passes are required, nor can the pump or the pipe system be

damaged as the shut-off pressure is only 10 to 15% greater than

the pressure at full capacity.

Always run the pump in direction of arrow cast on case.

Centrifugal pumps can be run only in one direction.

During the operation, stuffing boxes and bearings must be

inspected occasionally. The centrifugal pump does not require

any other attention.

If the pump is to be idle for long periods, it should be taken

apart, cleaned and oiled. This prevents parts rusting together

and preserves their good condition.

If pump is exposed to freezing temperature, it should be

drained immediately after stopping.

These suggestions are intended to assist in installing and

operating Union Centrifugal pumps. In all cases, successful

operation depends largely on correctness of installation, for

which this Company cannot be held responsible. For further

information regarding Union Centrifugal Pumps, write us.
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Some Centrifugal Pumps "Ifs"

If after starting the pump it throws a little water at the

first few revolutions, and then churns and fails to discharge

more, it is just evidence that the air was not all out of the pump
and pipes, or the suction lift too great, or a leaky pipe, or a long
suction and insufficient discharge head.

If when first started the pump throws a full stream for a

few minutes, and then fails, it is caused by failure of supply,
or water receding in the well below the suction limit, which in

a well is best determined by a vacuum gauge placed on the suc-

tion elbow of the pump. The remedy for this is to lower the

pump, thus reducing the suction lift.

If the pump delivers a full stream of water at the surface,

or level of the pump, but fails to pump at a higher discharge

point, the speed of the pump is too low.

If the pump starts a full stream, and then the discharge
decreases very slowly until the pump fails to deliver any water,

it is caused by an air leak at the packing gland.

If the pump delivers a full-quantity for a few hours and fails,

the speed and water supply being unchanged, the suction pipe
or impeller is obstructed.

If when running there is a heavy vibration, the shaft has

been sprung, the pump is out of alignment, or an obstruction

has lodged in one side of the impeller.

If the bearings heat unduly, the belt is unnecessarily tight,

the bearings lack oil, or there is an end thrust.

The last "If" is, that if the pump is properly installed,

and operating, it will positively operate successfully, as the

centrifugal is the most simple, most efficient and long lived

water lifting device manufactured.

In pumping hot water or fluids, the suction lift of the pump
must be as small as possible on account of the lowering of the

boiling point under vacuum, and consequent loss of priming
from the presence of vapor.

Water should not discharge into a sump or tank near the

end of the suction pipe, as there is danger of carrying air down,
and into the suction pipe.

Do not attempt to pump more than the maximum catalogue

rating of the pump, as that will cause waste of power.
Do not call for help until you are sure none of the above

"Ifs" are present.



To Calculate Horse Power
To determine the theoretical horse power to elevate a given

quantity of water to a given height, multiply the number of

gallons delivered per minute by 8.33 (weight of one gallon of

water), multiply this result by the total head, and divide this

result by 33000 (33000 pounds elevated one foot in one minute

equals one horse power). This formula is the theoretical horse

power, and when simplified is :

H. P. =.000252 x Gallons per minute X 'Head in feet. (32)

To determine the actual, or brake horse power, divide the

theoretical, or water horse power by the efficiency of the pump.
EXAMPLE: It is desired to elevate 200 gallons of water

per minute, to an elevation of 150 feet through 200 lineal feet

of 3* pipe with three 3 "-90 elbows, and one 3" globe valve.

The friction loss of 200 gallons per minute through 200' of

3" pipe from the table, on page 145 = 11.54X2 =23.08'.

The friction loss of 200 gallons per minute through three

3"-90 elbows from the table, on page 147-1.18 X 3 = 3.54'.

The friction loss of 200 gallons per minute through one 3"

globe valve from the table on page 148, is equivalent to 24

lineal feet of 3" straight pipe, and from the table on page 145,

the friction loss of 200 gallons per minute through 24' of 3 "
pipe

= 11.54 X - = 2.76'.

The total head, therefore is equal to the sum of the above
heads or

Friction head in pipe = 23.08'

Friction head in elbows = 3.54'

Friction head in valve = 2.76'

Static Head =150.00'

Total head -179.38'

The theoretical or water horse power, equals from formula

(32)

.000252X200X179.38=9.1 =Water horse power.

Assuming an efficiency for the pump of 55%,the actual

or brake horse power necessary to operate the pump =
9.1 X 100

= 16.5 Brake horse power.oo

So, in choosing a motor for these conditions, it would be

advisable to use a 20 horse power motor, as the nearest
%

sizc,

which is 15 horse power, is too small, and would be overloaded.

The 20 horse power motor allows a margin for unforeseen future

changes in operating conditions, which might increase the load.
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T ~ QX8.33XHXK
+F(i +d +t

)
+a

2,655,000 Xefficiency of unit.

From the above equation, it is apparent that if the cost

of power is high, it is an economical investment to buy an
efficient pump.

Pumping Liquids Other Than Water With

Centrifugal Pumps

GffVGE SHOWS
/OOrr. OK 43 POUNDS.

GAUGE SHOWS
/OOx/3.6-/36Orr

OR S9O PQVNBS

WATER MERCURY
In order to make a drastic comparison, assume two identical

pumps, discharging under the same conditions and both running
at the same speed. Pump No. 1 will handle water and pump
No. 2 will handle mercury. The static head in both cases will

be 100 feet. The pumps are started, and it is observed that both

the water column and the mercury column will stand exactly
at the same height in the standpipe. This is explained by the

fact that the head created by a centrifugal pump is not a pressure

head, but a velocity head. This velocity head depends entirely
on the velocity of the water, which velocity in turn was produced

by the speed of the impeller. As both pumps run at the same

speed, both liquids regardless of their specific gravity or weight
will stand at the same height in the standpipe.

The difference in the weight of the liquids is shown by the

pressure gauges. Let us assume that the pipe line is very large,

so that pipe friction can be neglected. Both gauges will show
the pressure of the column of liquid in the respective pipes.

The gauge No. 1 will read 100 ft, or 43 Ibs., which is the weight
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per square inch of water column 100 ft. high. As mercury is 13.6

times heavier than water, gauge No. 2 will show 13.6 X 100

1360 ft. or 590 Ibs. pressure.

The power required by these two identical pumps, handling
different liquids, can easily be computed, considering that re-

gardless of the method, whether the head is obtained by centri-

fugal force or by piston pressure, the power required for pump-
ing any kind of liquid is always the product of the weight of

the liquid and the height it has to be elevated. Therefore,

should the pump No. 1, which handles water, require 10 H. P.,

the pump No. 2 will require 13.6 X 10 = 136 H. P., as both

pumps work against the same head, with the only difference

that No. 2 handles a liquid 13.6 times heavier than No. 1.

Nothing has been said about the volume of the liquid

handled. As both pumps have the same dimensions, it is self-

evident that they will deliver the same volume of different

liquids, as long as the viscosity does not enter into the question.

Recapitulation : In summing up we find :

(1) Regardless of the specific gravity of the liquid, a cen-

trifugal pump will always produce the same static head.

(2) The pressure (read on the pressure gauge at the discharge
of the pump) will be increased in proportion to the specific

gravity.

(3) The horse-power required by the pump will also be

increased in proportion to the specific gravity.

EXAMPLES: (1) Suppose a pump is required to elevate

brine of 1.2 specific gravity to a static head of 100 ft. As ex-

plained before, any pump suitable for lifting water to a static

head of 100 ft., will also lift brine to the same height. The

pressure gauge will register the weight of a column of brine 100

ft. high. A column of water 100 ft. high would show 43 Ibs.

pressure. As brine is 1.2 times heavier than water, the gauge
will show 43 X 1.2 =52 Ibs. pressure.

Assuming that it required 10 H. P. to drive the water pump,
the brine pump will require 1.2 X 10 = 12 H. P.

(2) Suppose a pump is required to pump the same brine

of 1.2 specific gravity against a pressure of 43 Ibs. This time

43 Ibs. are required on the pressure gauge of the brine pump.
But if a water pump of proper proportions to discharge against
100 ft. or 43 Ibs. is used, the gauge would show 52 Ibs. when

handling brine, as explained before. Therefore, to reduce this

pressure to the required 43 Ibs., it is necessary to change the

impeller accordingly.
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As seen in example No. 1, it required 10 H. P. to work

against 43 Ibs. water pressure. Naturally it takes the same
10 H. P. to pump against 43 Ibs. brine pressure.

In most cases the brine pumps are used as circulating

pumps and work against a balanced head; in other words, the

pump has only to overcome the pipe friction. Therefore the

head for such a case has to be specified as a pressure head, and

not as a static head. This is insignificant .for small installations;

for larger installations, however, it will mean using a smaller

motor (for instance 50 H. P. instead of 75 H. P).

(3) Suppose a pump is required to deliver gasoline of 0.8

specific gravity against a static head of 100 ft.

Figured for water, the pump will require say 10 H. P.

As the pump will have to work against a static head of 100 ft.,

the pressure gauge will read only 80 ft. (corresponding to a

specific gravity of 0.8), and the pump will require 10 X 0.8 = 8

H. P. only.

(4) Suppose a pump is required to handle gasoline of 0.8

specific gravity against a pressure of 43 Ibs.

This time 43 Ibs. are required on the pressure gauge of the

pump; therefore, if the gasoline pump is designed like the water

pump, only 34 Ibs. would be shown by the pressure gauge, cor-

responding to the weight of the gasoline column. Therefore,

in order to obtain 43 Ibs. pressure with gasoline, it is necessary

to increase the impeller sufficiently to give 43 Ibs. pressure on

the gauge. This pump, of course, will require 10 H. P., exactly

the same amount as required for water pumping against 43 Ibs.

As to liquids of thick consistency, regardless of their specific

gravity, it is general experience that, compared with water,

a pump delivers less capacity and requires more horse-power
to drive it. This is explained by the fact that the thick liquid

produces more skin friction and therefore offers more internal

resistance to the moving parts of the pump. No general rule

has been established yet, and in cases of doubt, experiment is

the only way to find out the conditions. Therefore, should any
cases arise where thick liquids are to be handled, it is necessary

to provide ample power. In chemical plants, sugar mills, etc.,

it is general practice to heat heavy liquids so they will flow

freely and then pump them with centrifugal pumps. In such

cases the liquid should always flow to the pump under a suction

head. This is also necessary for hot water, acids and for any

liquids where vaporization is liable to occur.
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1UNION STEAM PUMP COMPANY

Heads in Feet of Water with Equivalent Inches
of Mercury, Pounds per Sq. In. and

Velocity in Ft. per Sec.

Computed with following Constants: g==acceleration of gravity=32.16;
sv=weight of cubic foot of water=62.4; Specific gravity of mercury
=13.6.
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BAT T L E CREEK. M IQHJ CLAN ,_U._ S_._A

Heads in Feet of Water with Equivalent Inches

of Mercury, Pounds per Sq. In. and

Velocity in Ft. per Sec.

(Continued)

Computed with following Constants: g=acceleration of gravity=32. 16;
w=weight of cubic foot of water=62.4; Specific gravity of mercury
=13.6.
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Table of Friction of Water in Pipes

Giving the velocity in feet per sec., the friction head in feet, and friction loss in Ibs. pressure per sq. in.

for each 100 feet in length of pipe, for different sizes of clean iron pipe

discharging given quantities per minute.

Gallons

per

minute



C REEK. MICHIGAN, U. S. A.

Table of Friction of Water in Pipes
(Continued)

. '.>jity in feet per sec., the friction head in feet, and friction loss in Ibs. pressure per sq. in

for each 100 feet in length of pipe, for different sizes of clean iron pipe

discharging given quantities per minute.

Gallons

per

minute



Friction in Elbows
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Theoretical Discharge of Nozzles in U. S.

Gallons per Minute
Head
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Hydrant and Hose Stream Data

(Continued]

From Tables Published by John R. Freeman, M. E.
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Table Converting Inches Vacuum, into

Feet Suction

Inch
Vac.



Rules for Determining Size and Speed of

Pulleys or Gears

The driving pulley is called the Driver, and the driven pulley

the Driven.

If the number of teeth in gears are used instead of diameter,
in these calculations, number of teeth must be substituted where-

ever diameter occurs.

To determine the diameter of Driver, the diameter of the

Driven and its revolutions, and also revolutions of Driver being

given.

Diam. of Driven X revolutions of Driven
: =Diam. of Driver.

Revolutions of Driver.

To determine the diameter of Driven, the revolutions of the

Driven and diameter and revolutions of the Driver being given.

Diam. of Driver X revolutions of Driver
=Diam. of Driven.

Revolutions of Driven.

To determine the revolutions of the Driver, the diameter

and revolutions of the driven, and diameter of the Driver being

given.

Diam. of Driven X revolutions of [Driven
! = Rev. of Driver.

Diameter of Driver.

To determine the revolutions of the Driven, the diameter

and revolutions of the Driver, and diameter of the Driven being

given

Diam. of Driver X revolutions of Driver
~=Rev. of Driven.

Diameter ot Driven.
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Diameter of Pulleys with Corresponding Belt

Speeds and Horse Power Belting
will Transmit

Diameter of

Pulley
in Inches



Theoretical Horse Power Required to Raise
Water to Different Heights

Feet

Eleva-

tion



UNION STEAM PUMP COMPANY

Convenient Equivalents

1 second-foot equals 40 California miner's inches. (Law of March

23, 1901.)

1 second-foot equals 38.4 Colorado miner's inches.

1 second-foot equals 40 Arizona miner's inches.

1 second-foot equals 7.48 United States gallons per second;

equals 448.8 gallons per minute , equals 646,272 gallons per day.

1 second-foot equals 6.23 British imperiargallons per second.

1 second-foot for one year covers one square mile 1.131 feet

deep; 13.57 inches deep.

1 second-foot for one year equals 31,536,000 cubic feet.

1 second-foot equals about one acre-inch per hour.

1 second-foot falling 10 feet equals 1.136 horsepower.

100 California miner's inches equal 15.7 United States gallons

per second.

100 California miner's inches equal 96.0 Colorado miner's inches.

100 California miner's inches for one day equal 4.96 acre-feet.

100 Colorado miner's inches equal 2.60 second-feet.

100 Colorado miner's inches equal 19.5 United States gallons

per second.

100 Colorado miner's inches equal 130 California miner's inches.

100 Colorado miner's inches for one day equal 5.17 acre-feet.

100 United States gallons per minute equal 0.223 second feet.

100 United States gallons per minute for one day equal 0.442

acre-feet.

1,000,000 United States gallons per day equal 1.55 second-feet.

1,000,000 United States gallons equal 3.07 acre-feet.

1,000,000 cubic feet equal 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1 inch deep on 1 square mile equals 2,323,200 cubic feet.

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 inch equals 2.54 centimeters.

1 foot equals 0.3048 meter.

1 yard equals 0.9144 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 1,760 yards; equals 5,280 feet; equals 63,360 inches.

1 square yard equals 0.836 square meter.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet; equals 4,840 square yards.

1 acre equals 209 feet square, nearly.

1 square mile equals 259 hectares.
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1 atm. equals 760 mm. Mercury at 32 F.

1 atm. equals 1.033 kg. per sq. cm.

1 Ib. per sq. inch equals 2.0416 ins. Mercury at 62 F.

1 Ib. per sq. inch equals 2.0355 ins. Mercury at 32 F.

1 Ib. per sq. inch equals 27.71 ins. Water at 62 F.

1 Ib. per sq. inch equals 2.309 feet of water at 62 F.

1 Ib. per sq. inch equals 0.0703 kg. per sq.^m.
1 foot of water at 62 F. equals .433 Ibs. per sq. inch.

1 inch of Mercury at 62 F. equals .491 Ibs. per sq. inch.

1 inch of Mercury at 62 F. equals 1.132 ft. of water at 62 F.

Duty of Water for Irrigation in the United States

The following table is taken from "Irrigation and Drainage"

by Professor F. H. King of the University of Wisconsin :

Table showing the highest probable duty of water per acre for

different yields of different crops:

Bushels Per Acre. .
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King also gives the following

"It has been shown that under conditions in which no water

can be lost by surface or under-drainage :

Clover uses 5.089 Acre-inches in producing one ton of dry matter

Oats uses 4.447 Acre-inches in producing one ton of dry matter

Barley uses 4.096 Acre-inches in producing one ton of dry matter

Maize uses 2.391 Acre-inches in producing one ton of dry matter

Potatoes use 3.399 Acre-inches in producing one ton of dry matter

"These figures are an approximate measure of the demands
of those crops for water and if one, two or three tons of dry
matter per acre are to be produced by these crops, then the

amount of available rainfall needed will be given by multiplying
the figures in this table by the yield which is expected per acre

from the soil."

Open Ditches
A drainage ditch should be of sufficient capacity to flow

only three-fourths full at flood height.

A channel with vertical sides offers least resistance to cur-

rent, and if this form could be maintained,.it would carry greatest
volume of water in proportion to its cross section area. But
since nothing but rocky material will stand in this form, most
ditches are made trapezoidal in cross section. Ordinary clays
will stand with a slope of 45 or 1 to 1. Loose loamy and sandy
soils usually require slopes of \ l

/2 to 1.

Ditches should have sufficient fall to make them self-clean-

ing. In soil and clay not easily displaced, this is about 4 feet

per mile, which for ditches of ordinary size gives a mean velocity
of 2^4 miles per hour when running full. Increasing the depth
of a ditch increases the head so that ditches of light grade chan-

nels should be made as deep as possible.

The greatest velocity of a stream is found in the thread of

current in the center of the channel just below the surface.

All other parts have a less velocity in proportion as they approach
the bottom and sides of the channel. The mean velocity in a

trapezoidal ditch is about four-fifths of the surface velocity and
is that found at a point in the center line of the ditch a little

more than half way from the surface to the bottom. The bot-

tom velocity is about seven-tenths that of the surface.

The following table taken from "Engineering for Land

Drainage", by Charles G. Elliott, shows the effect that increase

in depth has upon the mean velocity in a rectangular channel
10 feet wide with a grade of 3 feet per mile.

jj
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Mean Velocity of Water at Different Depths in

Rectangular Ditch 10 Feet Wide,
Grade 3 Feet per Mile

Mean Velocity

Depth in Feet in Feet per Second

0.5 1.4

1.5 2.3

2.0 2.6

2.5 2.3

3.0 2.9

4.0 3.2

5.0 3.4

6.0 3.6

8.0 3.8

Relation of Breadth and Depth of Channel
to Surface and Mean Velocity

The following table from' Tanning's Hydraulic Engineering,

shows the relation of breadth, depth, surface velocity and mean

velocity to each other for rectangular smooth channels when

water is from 5 to 10 feet deep. Let b = breadth, d = depth, V
^surface velocity and v=mean velocity.

When b = 2d then v = .920V

When b = 3d then v = .910V

When b = 4d then v = .896V

When b = 5d then v = .882V

When b = 6d then v = .864V

Whenb = 7d then v = .847V

When b = 8d then v = .826V

When b = 9d then v = .805V

When b=10d then v = .780V

The mean velocity for a trapezoidal channel will be a little

less and decreases as the sides slopes are flattened.

Safe Velocity of Flow in Ditches

The safe velocity is the highest velocity at which it is safe

to allow water to flow in a ditch to prevent erosion or washing
of banks. Ditches should be made as nearly self cleaning

as possible and this often requires increasing the velocity of

flow, particularly where water carries a large amount of silt,

to practically the limit of safety.

Kents Eng. Hand Book gives the following:

I PUMPING MACHINE^
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Condensers

Condensers are used in connection with steam engines and
steam turbines for the purpose of obtaining one of two important
results, and generally both of them, viz.

;
a reduction in the con-

sumption of steam, and the obtaining of more power from a

given weight of steam.

To illustrate the action of a condenser, consider a simple
idle steam engine. The atmosphere exerts a pressure of 14.7

pounds per square inch on both sides of the steam piston, and
since the pressures are equal, they balance each other, and the'

piston cannot move. If the pressure of the atmosphere on one

side of the piston is partially removed, the pressure on the

opposite side will then be the greater, and the piston will move.
Thus it will be seen that by removing the atmospheric pressure
from one side of the piston, sufficient pressure may be obtained

to move the piston without taking any steam from the boiler.

It is the office and duty of the condenser to remove a part of

the atmospheric pressure from one side of the piston, thus en-

abling the higher atmospheric pressure on the other side to move
the piston. If the engine will then run fast enough to develop,

say ten per cent of its rated power, then the condenser will

add ten per cent to the power of the engine, because thus far

no steam has been taken from the boiler we have simply re-

moved a part of the atmospheric pressure or resistance to the

piston.

When the atmospheric pressure is partially removed from

one end of the cylinder, as soon as the piston reaches the end of

the stroke, the higher pressure on the opposite side will act, and

this will continue as long as the exhaust valve remains open, or

through practically the whole stroke; it is the average pressure

for the stroke, and consequently the difference between the high

pressure on one side, and the low pressure on the other side,

representing the mean effective pressure. This is the M. E. P.

due to the condenser, and it will remain the same regardless of

the steam pressure.

Now when we know the M. E. P. produced by the condenser,

it is possible to find the horse power due to the condenser. Know-

ing the M. E. P. due to the condenser, and the M. E. P. pro-

duced by the steam, it is possible to find the horse power of the

engine, when operating, non-condensing and condensing.
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AXRXS-"
(35)

Where G = Gain in horse power due to the condenser,

A Area of piston in square inches.

R Reduction in back pressure in Ibs. per square inch

S= Piston speed in feet per minute.

The reduction in back pressure R on the engine piston may
be estimated as follows:

(36)

Where B = Absolute back pressure in pounds per square

inch on the engine piston when running non-condensing, V =

vacuum in inches of mercury (referred to a 30 *
barometer)

produced by the condenser.

Generally speaking, a non-condensing engine requires from

20 to 30% more steam per horse power-hour, than a condensing

engine of the same power. If a condenser be added to a non-

condensing engine of say 250 H. P. running at 100 revolutions

per minute, and the load and speed be kept the same after adding

the condenser, the governor will produce an earlier cut-off,

thus lowering the mean forward pressure of the steam, and

the mean effective pressure will remain constant.

Suppose the cut-off occured at X stroke when running non-

condensing, and at K stroke when running condensing, neglect-

ing clearance, the saving in steam per stroke is the difference

between > and }4, the piston displacement, or

.5

Neglecting friction and other losses, the theoretical mean

effective pressure may be determined as follows :

(1+HYP. logr)
M. E. P.-PX- -^~ P (37)

Where
P=Absolute initial pressure in Ibs. per square inch.

p = Absolute back pressure in Ibs. per square inch.

r= Ratio of expansion =

Length of stroke + Clearance

Distance to cut off + Clearance

The following table shows the mean pressure per pound of

initial pressure with different clearance and cut-offs.

fn
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Assuming a single non-condensing engine having a clearance

of 5 per cent, and cutting off at Y\ stroke. Let the steam

pressure at the throttle be 150 Ibs. absolute and the back pressure

17 Ibs. absolute. It is also assumed that the initial pressure in

the cylinder is the same as the pressure at the throttle.

Referring to the column headed "5 per cent clearance,"

opposite ^ cut off, the mean pressure per pound of initial pres-

sure will be found to be equal to . 6258. This multiplied by the

initial pressure is

150 X.6258 =93.87 Ibs.

which is the mean forward pressure of the steam. Subtracting
the absolute back pressure,

93.8717-76.87 Ibs. per square inch

as the mean effective pressure on the piston.

Let it be required to find an approximate point of cut-off,

which will maintain the same power of the engine, when running

condensing with a vacuum of 26 ", and it be understood that the

speed and load, and consequently the initial and mean effective

pressure remain the same.

Dividing 26 "
of vacuum by 2.04 (1 pound pressure =2.04

inches of mercury), gives 12.7 pounds per square inch, and sub-

tracting this from the atmospheric pressure, leaves 2 pounds as

the approximate absolute back pressure on the piston. Ihe

mean pressure ratio for the foregoing conditions may be found by

adding the mean effective pressure to the absolute back pressure,

and dividing by the absolute initial steam pressure.

Substituting the actual values:

150

as the mean pressure ratio required.

Referring again to the table and following down the column

headed "5% Clearance", .5258 will be found to be between the

values .5096 and .5405. Taking .5405 as the nearest figure in

the table, it is found to correspond to a cut-off of A or 18.8

per cent of the stroke.

The approximate saving in steam is :

OK_ 1 CQ
-X 100= 24.8 per cent.

.25

due to adding the condenser, and thereby shortening the cut-off.

If the saving in fuel is assumed to be in direct proportion

Mm.miHiiiii.<ii.Ma^nHiuaMaffiJnfflatiJLJ*AM*^JJ^JULJUCSKX:/* a. <a a/MLP^^gS&^SJyi^g^Eg
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to the saving in steam, the condensing engine in this case will

require 24.8 per cent less fuel, than the same engine would run

ning non-condensing.
The increase in economy by the use of a condenser with a

steam engine may be shown graphically as follows :

Fig. 74.

Let ABCDEF, figure 74, be the indicator card from a non-

condensing engine. M-N is the atmospheric line, and O-X is

the vacuum line. The back pressure as shown by the card,

is O-S. The area of the card represents to some scale the work
done per stroke. Now let a condenser be attached to the en-

gine, and the back pressure will be lowered to O-T, the line H-K,
instead of D-E now being the lower line of the card, and ABCHKL
will be the new card, and its area as before, represents the work
done per stroke. Hence by adding a condenser "to the engine,

the work done per stroke has been increased by an amount

represented by the area FEDHKL, the steam consumption re-

maining the same.

Suppose the steam be cut off at a point P, making the area

of the card APGHKL equal to the area of the original card

ABCDEF; then the work per stroke is the same in both engines,
but the condensing engine uses an amount of steam per stroke

represented by the length A-P, while the non-condensing engine
uses an amount of steam represented by A-B. Either case shows

the economy of the condenser.

1"^ ANDkrrwrw.



Gain in Thermal Efficiency
The gain in thermal efficiency due to adding a condenser

to a steam engine or turbine, may be calculated as follows :

Let

E =Thermal efficiency of engine or turbine.

T! =Absolute temperature at which the steam is received by
the engine.

T2 =The absolute temperature at which the steam is ex-

hausted from the engine or turbine.

Then for a perfect engine
T TE=-2

(38)

The efficiency of an engine or turbine may be increased

by raising the boiler pressure, and thus increasing T lf or by reduc-

ing the back pressure by adding a condenser, thus decreasing T2 ,

or by doing both. It is evident from the formula that by re-

ducing the back pressure, a much greater gain in efficiency re-

sults than by raising the boiler pressure a like amount. This is

shown in the following examples.

Suppose a non-condensing engine or turbine is supplied
with steam at 150 pounds absolute, as in the previous example,
and exhausts at 17 pounds absolute, the absolute temperature
T

x corresponding to 150 pounds is (by referring to Steam Table

in appendix) :

358.5 + 461 =819.5 degrees Fah.

The absolute temperature T2 , corresponding to 17 pounds
absolute pressure, is:

219.4+ 461=680.4 degrees Fah.

Hence the thermal efficiency is:

819.5680.4~-
Or 17 per cent.

Now suppose the boiler pressure be raised from 150 pounds
absolute to 200 pounds absolute, and the exhaust pressure kept
the same, then the absolute temperature T

1 corresponding to

200 pounds absolute is 842.9 degrees Fahrenheit, and the abso-

lute temperature T2 corresponding to 17 pounds absolute is

680.4 degrees Fahrenheit. Hence the thermal efficiency is:

842.9 680.4 _
T- ~"~ " ~

- -
. J. *7O

842.9

or 19.3 per cent.
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ed first cost of the condenser, pumps, and piping, together with

the increased operating expense. The local conditions, parti-

cularly the temperature of the cooling water, determine this to

a marked degree. In locations which are practically at sea level,

and where the temperature of the water supply for the con-

denser is very low, it is doubtless profitable to install condensing

apparatus of sufficient size to operate steam turbines at from

28K" to 29" of vacuum.

The following table gives the theoretical and practical

vacuum at sea level for varying temperatures of cooling water.

Vacuum At Sea Level For Varying Tempera-

tures of Cooling Water

Temperature of

Cooling
Water

Deg. Fah.
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Relative Economy of 28" of Vacuum Over 26" of

Vacuum for a 2000 K. W. Plant

Increased Cost of Equipment is $4000.00

Net Saving
expressed as
Percentage of

Increased Capi-
tal Cost to

Secure 28" of
Vacuum over
that for 26 *

of
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Steam Consumption in Lbs. per B. H. P. per

Hour at Full Load, 150 Lbs. Steam Pressure.

Atmosphere Exhaust, No Back Pressure

Brake Horse Power
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Choice of Condensers

The choice of condensers depends almost entirely upon the

local conditions, particularly the nature and quantity of boiler

feed and cooling water available. For vacuums up to 26 ",

either the jet condenser or the surface condenser may be used.

Where a high vacuum (26
"
to 29 ") is desired in connection with

a steam turbine unit, a surface condenser is generally employed.
Broadly speaking, condensers may be divided into two

classes: (a) those in which the cooling water is mixed with
the steam, the combined quantities being discharged to the hot

well; (b) those in which the cooling water and steam to be

condensed are kept separate, the cooling water, after passing.

MH.. . B ,..n B
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through the condenser being either discharged to waste, or

(by means of suitable cooling arrangement to reduce its tem-

perature) being used over and over again continuously, while the

condensed water is available for boiler feed-. To class (a)

belongs the jet condenser. To class (b) belong the surface con-

densers, vertical or horizontal, counter-current, or parallel-cur-

rent.

In the marine service, jet condensers are employed only on

board ships operating on fresh water. Surface condensers with

water inside of the tubes and steam outside are universally used

on board ships on salt water.

In land practice, the jet condenser is employed where there

is an abundant water supply, which is sufficiently free from

impurities, to be used for boiler feed on account of its relatively

low first cost, as compared with surface condensers. However
with the advent of the steam turbine, which requires a high

vacuum, the surface condenser is being more and more employed
in condenser work.

The choice of condenser will obviously depend not only on

the quantity of the water available for condenser purposes,

but also upon its quality, and the various conditions which arise

in practice might be met as follows:

1. An abundant supply of fresh water, sufficiently pure for

boiler-feeding purposes. The jet condenser would be the most

suitable type to adopt.

2. An abundant supply of cheap water, but of a quality

unsuitable for boiler feed. It is desirable to use a surface con-

denser, and if the boiler feed has to be drawn from the same

source, some form of water softening or purifying plant; or, as

the case of marine engines, an evaporator becomes necessary to

make up the loss of feed water due to leakage.

3. A limited supply of water, of quality right for boiler

feed, but of insufficient quantity to be discharged to waste,

and relatively expensive to obtain. A jet condenser would be

the best to adopt, and some form of water re-cooling plant be-

comes necessary, of sufficient capacity to reduce the tempera-
ture to a point low enough for continuous work.

4. A limited supply of water unsuitable for bciler feed. A
surface condenser would be the most suitable type, combined

with a water-cooling plant of ample capacity for continuous work,

and with the water softening or purifying apparatus to make

up the loss in boiler feed.
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Principles of Surface Condensers

The important factor in accomplishing the desired results

in a surface condenser is, a transference of heat from the steam

through the walls of the tubes to the cooling water, The trans-

ference of heat per unit of area, or of size, is a measure of the

efficiency of the apparatus, and is directly proportional to the

temperature difference, or head. In a surface condenser, the

temperatures of the fluids are different at different parts of the

surface. The temperature of the circulating water increases

during its passage through the tubes, becarse of the absorption
of heat, and that of the steam decreases, because of the frictional

drop in pressure. It is, therefore, necessary to obtain mean
values for temperature differences.

A simple arithmetic mean is not correct, but the following

formula developed mathematically by Grashof has been proven
in practice to be very accurate, and is used very extensively.

T T" (39)TT T -*- C -*- 1
* '

Hyp. Log.-JL -
1

1
s

1 2

Where D =Mean temperature difference

T! =The lowest temperature of the fluid

T2 =The highest temperature of the fluid

T
s =The temperature of the gas or steam.

(See pages 206" and 207.)

In modern condenser practice, it is customary to make
T2 10 to 15 less than Ts , the temperature of the steam. This

factor is dependent upon the design of the condenser.

Since the total heat to be abstracted in condensing one

pound of exhaust steam is nearly constant within practical

ranges of vacuum, it is apparent that the maintenance of high

vacuums with temperatures rapidly approaching the tempera-

ture of the entering cooling water requires condensing equipment
of much larger size proportionately than indicated by the

vacuum.

Assuming the average temperature of the cooling water

as 70 Fah. heated to within 15 of the temperature of the

entering steam, then a surface condenser capable of condensing

20,000 pounds of steam per hour at 26 " of vacuum will con-

dense approximately only 14,000 pounds at a vacuum of 28",

although the number of heat units required per pound of steam

AND C O
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is practically the same in each case. The explanation of this

lies in the value of the mean temperatures difference, which

figures from the formula for the first case as 30.7 Fah. and for

the last case as 22.

The mean temperature difference requires for a maximum
that the surfaces be arranged for counter-current flow, the water

entering fartherest from the steam and passing consecutively

through the tube nests, so as to finally pass out through the

entering steam. This is the multi-pass condenser construction.

The transference of heat through a unit of condenser tube

area per unit of mean temperature difference was early recog-

nized as varying greatly under different conditions. The moct

apparent variation being an increase with an increase in the

velocity of the cooling water. Many experimenters have carried

out exhaustive tests along this line to determine the most practi-

cal value, but the results obtained vary greatly owing to the

fact that in practice there are encountered certain resistances,

which are in addition to the resistance offered by the metallic

walls of the tubes.

The transference of heat produced by the temperature
head is opposed by the resistance of the metallic walls of the

tubes, the resistance of the steam side of the tube due to oil

coating, or air-entrained steam, and the resistance on the water

side of the tube due to the formation of scale.

Among the metals available for use as condenser tubes,

copper is of the highest conductivity, and, furthermore, when

properly alloyed, is less subject to corrosion than most others,

thus permitting the using of thinner tubes. Hence all condenser

tubes are a copper ahoy. The size of tube is a determining

factor in the thickness, larger tubes require greater thicknesses

for mechanical strength, and from this view point small tubes

are desirable.

To prevent the formation of a coating of oil on the tubes,

which is detrimental to the heat flow, a high steam velocity must

be maintained over the tubes, and there must be no dead ends

or stagnant places in the condenser.

To eliminate the resistance due to air-entrained steam,

surface condensers are generally arranged so that the steam

sweeps the air ahead to the point of removal.
'

By referring to

figures 82-83, pages 202-203, the general arrangement of a

modern high vacuum surface condenser can be seen, which

iE'RY,._AIR CQMPJRJ&_S_S_ORS_
J
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clearly shows the counter-current principle, as well as the lo-

cation of the circulating-water, dry-air, condensate, and exhaust-

inlet connections.

The resistance on the water side of the tube due to the

formation of scale is very important, and too much attention

cannot be paid to keeping the tubes clean. A high circulating

water velocity will accomplish this to a marked degree, and is a

more important reason for using small tubes, and several passes,

than is generally recognized.

The coefficient of heat transmission or B. T. U. per square
foot per degree difference per hour, is generally taken in practice
at 300 to 400, depending upon the degree of vacuum, condenser

design, etc.

Surface Condenser Calculations

Cooling Surface

A complete equation of the surface condenser is as follows:

wx Q TT
w xQs=

*nru
or u=*nrs (40)

U =B. T. U. per square foot per degree difference per hour.

M=Mean temperature difference degrees Fah.

W = Pounds of steam condensed per hour.

S = Square feet of cooling surface.

Q = Total heat removed by circulating water per pound of

steam condensed (usually taken as 1000).

The table on page 204 gives the cooling surface required
to condense 1000 Ibs. of steam per hour under varying conditions.

This table has been calculated by equation 40, and is based on a
coefficient of heat transmission of 300 B. T. U. per square foot

per degree difference per hour.

Cooling Water
In calculating the amount of cooling water required per

pound of steam, the following practical equation may be used:

Q
(41)

II = Total heat of the steam (See pages 206-207)
Q =Heat of the liquid. (See pages 206-207)
T2
= Final temperature of the cooling water.

(Generally 10-15 less than TJ
T! =The initial temperature of the cooling water.
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86.15 70
D =

101.1570
Hyp. log.

101.1586.15

16.15

Hyp log. 2.07

.7275

-22.2

The surface of the condenser may now be calculated from

equation 40 by substituting the values, and using for U a value

of 300 B. T. U.

10,000 X 1,000

300 X 22.2

= 1500 square feet of cooling surface

The amount of cooling water required at 70 Fah., is calcu-

lated from the equation 41 by substituting the values given

_1104.1 69.12

86.1570

_ 1034.98

16.15

= 64.1 pounds of cooling water per pound of steam.

Now the amount of steam to be condensed by the example
is 10,000 Ibs. per hour, or 20 gallons per minute, so the amount
of cooling water required to condense 10,000 Ibs. of steam per

hour will be

20 X 64.1 =1282 gallons per minute.

The displacement of the condensate pump from page 186,

will be

20 X 3 = 60 gallons per minute.

The displacement of the dry vacuum pump from page 186

(for 28 " of vacuum) ,
will be- = 148 cubic feet.

7.48
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Table Giving Quantity of Injection Water, Vapors

and Pump Displacement for Air Pumps and

Jet Condensers
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Table Giving Quantity of Injection Water, Vapor
and Pump Displacement for Air Pumps and

Jet Condensers

(Continued")

Vacuum Based

on

30"

Barom.
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Pumps for Jet Condensers

The size air pump to use with a jet condenser may be cal-

culated by the following formulae:

(42)

In which D = Displacement of pump.
W= Quantity of injection water.

2V=Volume of vapors from water = XW (43)

54
S =Volume of vapors from steam and leaks = X Q (44)

*jn

Pm = Absolute pressure inches of mercury.

Q = Pounds of steam to be condensed per hour.

In calculating the amount of injection water, let H be the

total heat in one pound of steam at the terminal pressure. Ihis

is assumed in practice at 1190 B. T. U.

ts
=Temperature of steam due to the vacuum.

t
l
=Temperature of injection water.

t 2
=Temperature of discharge water, which is assumed in

practice 15 lower than the temperature due to the

vacuum.

Each pound of injection water will be heated from t to t 2 ,

and the total heat absorbed by the water.

Hw =W(t2 tO

The heat given up by the steam condensing will be

H
S =Q (H 1 2)

Since the heat absorbed must equal that given up,

W (t2 tO =Q (H 12)

(45)

Example: Given 12000 pounds of steam per hour to be

condensed, maintaining 26 " of vacuum, referred to 30 " barometer

using 70 injection water. How much injection water is required ?

What size air pump is required?

I Or
SERVICE
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Solution :

Q= 12000 Ibs.

t!=70.
ts =125 (see page 207)

t2 =110
H=1190

Then substituting in equation 45,

12000 (1190110)W =
11070

_ 12000 X 1080

40

= 324000 pounds of injection water required per
hour.

324000
=648 G. P. M.

8.3 X 60

The volume of vapors from the water equals from formula 43,

2 2V= XW=-X 324000
Pm 4

= 162000 pounds per hour =324 G. P. M.

The volume of vapors from the steam and leaks equals
from formula 44,

S=| ^=13.5X12000m
i

= 162000 pounds per hour =324 G. P. M.

Hence from equation 42, the displacement of the air pump
must equal

D= 648 + 324 + 324 =1296 G. P. M.

Now referring to the table on page 197, you will find that

the proper size air pump and jet condenser for these conditions

is a 12x18x20, which has a condensing capacity of 12,300 pounds
of steam per hour, and a displacement of 1322 G. P. M.

The following table gives the sizes of air pumps and jet

condensers for various amounts of steam assuming 26 " of vacuum
referred to 30" barometer, and using cooling water at 50 to 80

Fah. The quantity of cooling water required for these condition s

is also given.

!l^^
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Air Pumps and Jet Condensers
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The tubes are seamless drawn brass (generally 60 copper

and 40 zinc), and are usually made ^" external diameter, and

No. 18-B. W. G. in thickness, although ^i" external diameter

tubes, and either 18 B. W. G. or 20 B. W. G. are sometimes used.

Fig. 81.

The tubes are secured in the tube plates usually by means of

screwed ferrules and tape packing. Figure 81 illustrates the

customary method of securing the tubes in the tube plates by
screwed ferrules. It will be noticed the ferrules are provided
with internal lips to prevent the displacement or creeping of the

tubes by giving them ample room to expand or contract. Some-

times the tubes are expanded in the tube plates, but this method
is not recommended for the reason that a certain amount of

expansion and contraction will take place, which tends to pro-

duce slackness, and when a tube has become slack, it is a diffi-

cult matter to make it tight again.

The condenser shell is provided with one, and sometimes

two circulating water chambers, depending upon the number
of passes in the condenser. Suitably arranged cast-in parti-

tions in the circulating water chamber and heads provide for

the efficient circulation of the cooling water through the condenser

tubes.

Surface condensers are built in the horizontal or vertical

types, and may be arranged for the passage of the cooling water

through the tubes with the exhaust steam surrounding them,

or, as it is often done in water-works practice, with the steam

passing through the tubes, and the cooling water on the outside.

A baffle, which is provided opposite the main exhaust

steam inlet opening, prevents the steam from eroding the outer

row of tubes, and deflects it in its path through the condenser.

In high vacuum surface condensers, drain plates are fre-

quently provided to intercept the condensed steam flowing

through the condenser, and deflect it to the sides and bottom of

the condensing chamber, so as to keep the tubes dry.

,.J
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To accomplish these results, the surface condenser must

handle four separate fluids: steam, air (including other non-

condensable vapors), water of condensation, and cooling or

circulating water. These may be considered separately in order

to reach a clear understanding of the subject. As the desirable

condition or state of these several fluids is not the same, each

installation becomes at once a problem to be carefully con-

sidered. In dealing with these fluids, it has been found from

practice that the following rules must be observed to get the best

results,

The steam should enter the condenser, and be conducted

freely to all parts of the same with the least possible resistance
;

it should be reduced to the lowest practicable temperature, and

should be converted into water for easy removal.

Air which is a nonconductor of heat should be rapidly

cleared from the heat transmitting surfaces, collected at suitable

places after being freed from the entrained water and vapor, and

cooled to a low temperature of removal at a minimum volume,
and consequently a minimum expenditure of energy.

The condensate should also be rapidly cleared from the

heat transmitting surfaces, freed from the air, collected at suit-

able points for removal, and returned to the boiler at the maxi-

mum temperature.

The circulating water should pass through the condenser

with the least friction, deposit a minimum amount of precipitate

chemicals and absorb a maximum amount of heat.
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Condenser Auxiliaries

With a jet condenser,, there is provided an air pump for

removing the air and condensation, and generally it is a direct

acting steam pump, as shown in figure 79, page 194.

The injection water in condensing the steam in a jet con-

denser is pumped by the air pump, unless the source of supply
is far distant, in which case a centrifugal or direct-acting pump
is used for pumping the supply.

For surface condensers operating on 26 inches vacuum or

less, a combined air and circulating pump is generally provided
as shown in figure 84. The pump consists of a direct acting

steam cylinder with an air cylinder on one end for removing air

and condensate, and a circulating cylinder on the other end,

which pumps cooling water through the condenser. The con-

denser may be mounted on the pump as shown, or on a separate

foundation, and piped to the air and circulating pump.

Fig. 84.

Surface Condenser Mounted on Air and Circulating Pump

Instead of a combined air and circulating pump, there may
be provided separate pumps for handling the air and condensate.

These may be either of the direct-acting steam-driven, or cen-

trifugal types.

For 26" of vacuumand lower, a dry-air pump is not neces-

sary, provided a wet pump is used, which can handle both the

air and condensate.

If a centrifugal type of condensate pump is used, a dry-air

pump is necessary to remove the non-condensable vapors, as a

centrifugal condensate pump can handle only the condensate.
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For vacuums above 26 ", surface condensers are generally

provided with circulating pumps, which may be of the direct-

acting s ceam-driven type, or the centrifugal circulating type.

Fig-. 85.

Burnham Direct Acting Steam Pump

The centrifugal circulating pump is especially suitable for

this service on account of its simplicity, and saving in space and

weight. It may be belt driven or operated by an electric

motor, a steam turbine or a vertical steam-engine.

Circulating pumps generally operate on a low head of 20-30

feet, and this head consists of practically all friction head through
the condenser.

Fig 86.

Motor Driven Circulating Pump
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Fig. 87.

Steam Engine Driven Circulating Pump

Fig. 88.

Steam Turbine Driven Circulating Pump

The condensate pump may be either of the direct-acting

type, or of the centrifugal type.

The direct-acting pump has not been much used since the

development of the centrifugal condensate pump. Centrifugal

pumps for this service are generally small, as they have to

handle the condensed steam only. The sizes of centrifugal

condensate pumps generally run from

is sufficient for the largest units.

to 6". A 6" pumi
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Fig. 89

Direct-Acting Condensate Pump

Centrifugal condensate pumps are built in the single stage

types, either motor, or turbine driven. The head is rarely over

LO feet, of which approximately 30 feet is generally due to the

\ acuum in the condenser, and the remainder friction and delivery

head in the discharge line. Centrifugal pumps should always be

located below the condenser, so that there is a head of approx-

'mately 4 to 6 feet on the pump.

Fig. 193.

Centrifugal Condensate Pump

For removing the non-condensable vapors, a dry-air pump
of the horizontal reciprocating type is provided as illustrated

in figure 91. This pump may be steam driven, belt driven, or

motor driven, depending upon conditions. The air pump is a

displacement pump, and is fitted with simple flat disc air valves

located in the ends of the cylinder, to reduce the clearance. A

AND CONDENSERS FOR EVERY SERVICE
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Condensers
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Fig. 93.

Details of Union Single Belt-Driven Enclosed-Type Dry-Vacuum Pump

Air
Cylinder
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Table Showing Weight Per Foot of Seamless
Brass Tubes

Stub's or Birmingham Gauge, Measured in Outside Diameters

GAUGE NO.



Table Showing Weight per Foot of Seamless
Brass Tubes

(Continued)
Stub's or Birmingham Gauge, Measured in Outside Diameters

GAUGE NO.



Table Showing Weight Per Foot of Seamless
Brass Tubes

(Continued)
Stub's or Birmingham Gauge, Measured in Outside Diameters

GAUGE NO.
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Table Showing Weight Per Foot of Seamless
Brass Tubes

American or B. & S. Gauge, Measured in Outside Diameters

GAUGE NO.



Table Showing Weight per Foot of Seamless
Brass Tubes

(Continued)
American or B. & S. Gauge, Measured in Outside Diameters

GAUGE NO.



Table Showing Weight Per Foot of Seamless
Brass Tubes

(Continued)

American or B. & S. Gauge, Measured in Outside Diameters

GAUGE NO.



Table Showing Weight Per Foot of Seamless
Brass Tubes

(Continued]

American or B. & S. Gauge, Measured in Outside Diameters

3AUGE NO.

Thickness o]

each No. in

decimal parts
of inch
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Electrical Units

Current (I). The strength of current is the rate at which

the electricity will flow through a conductor, and is analogous
to the rate of flow of water through a pipe in gallons per second.

The unit strength of current is called the ampere.

Quantity of electricity (Q). The quantity of electricity

that passes through a circuit is comparable to the quantity oi

water that flows through a pipe, and equals the product of the

rate of flow, and the time, that is

Q=IT.
If I is one ampere, and T is one second, Q is one coulomb,

which is the unit quantity of electricity. If 10 amperes flow

through a wire, then in 30 seconds 10X30=300 coulombs of

electricity will pass.

Electromotive Force (E. M. F.). Electromotive force, or

electrical pressure is that which causes electricity to flow in a

closed circuit. The unit of E. M. F., which is the volt, is the

electrical pressure which will cause a current of one ampere to

flow through a resistance of one ohm.

1 Kilovolt=1000 volts.

1 Millivolt =.001 volts.

Resistance (R). All substances offer a resistance to the

passage of electricity through them, and the amount of resist-

ance depends on the substance, and its shape. The resistance

of all metals increases with an increase in temperature, while the

resistance of carbon and insulating materials, and electrolytic

solutions decreases with an increase in their temperature.
The unit of resistance is the ohm. A conductor has a

resistance of one ohm, when the pressure required to send a

current of one ampere through it is one volt.

Ohm's Law: The relation between current (amperes),

pressure (volts), and resistance (ohms), is stated by the famous

Ohm's Law. This law is the begining of our scientific knowledge
of electricity.

The law is stated as follows : The electric current along

a conductor equals the pressure divided by the resistance.

Pressure
Current =7: T

Resistance.

In electric units:

Volts

Amperes =7^r~.Ohms.

MACHINERY; AIR COMPRESSORS
JJlM.I>l>tllllllUffl<l*llllJgg^tt*Ba-?r>^B^t
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1 H. P. hour = 1,980,000 ft. Ibs.

1 K. W. hour =2,654,200 ft. Ibs.

1 Joule =.74 ft. Ibs.

The following are the electrical units of Work and Power
in general use :

Work Units : Watt-second = joule = volt coulomb.

K. W. hour =3,600,000 Watt-seconds.

Power Units: Watt = joule per second = volt-ampere =
volt-coulomb per second.

Kilowat = 1000 Watts.

Kilowatts
Kilovolt-Ampere (A. C. unit) = Power factor.

Power Factor

In an alternating current circuit, it is customary to refer

to the product of the effective volts and the effective amperes

by the name of Apparent Power, and to measure it in volt-

amperes. The term "cos 0" is then called the Power Factor.

Thus when we wish to compute the true or effective power, we
find the apparent power (volts x amperes), and multiply it by
the Power Factor (cos pf).

When the voltage and current are

in phase, the term (cos <fi)
is unity (1) and the "circuit is said to

have unity Power Factor.

The Power Factor, then, really indicates what fraction the

true or effective power is of the apparent watts, or volt-amperes.

It is generally defined by the equation

_, effective power watts
Power Factor =

apparent power volts x amperes.

Since the wattmeter always reads the effective power, we

have only to attach a wattmeter, an ammeter, and a voltmeter

to a circuit to find the Power Factor, and from it the phase
difference between the current and the voltage. The product
of the volts and the amperes gives the apparent power by which

the wattmeter reading is divided to give the Power Factor.
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Induction motors are classified as squirrel cage, or as wound

rotor motors according to the type of rotor.

In squirrel cage motors, the inductors are copper bars em-

bedded in longitudinal slots in the laminated steel rotor core,

and are connected in parallel to short-circuiting copper rings,

one at each end of the rotor.

In the wound rotor, the winding is polar, and the terminals

of the windings are connected to a resistance carried on the

rotor spider, or through slip rings to an external resistance,

which resistance may be cut out when the proper speed is at-

tained. Wound rotor motors are also called slip ring motors.

Polyphase squirrel cage motors are used for constant speed

service where starting and reversing are infrequent. Their

starting torque is relatively small, and a large starting current

(2 to 6 times the full load current) is drawn from the line, if the

motor must start full load torque.

Squirrel cage motors are adapted to driving centrifugal

pumps, generator sets, blowers and any other machinery where

a small starting torque is required.

Slip ring or wound rotor motors give about IX times the

full load torque with approximately IX times full-load current,

making them suitable for use where a minimum starting current

is desirable.

Slip ring or wound rotor motors are adapted to that class

of service which requires a heavy starting torque, such as driving

power reciprocating pumps, air compressors or other machinery
which have to start against a full load.

The synchronous or no load speed of any induction motor

can be computed from the equation.

60 XF (46

nr~

S= Speed in R. P. M.

F = Frequency in cycles per second.

P = Pairs of poles.

Example
What is the speed of a 4 pole 60 cycle motor?

60X60
S = - = 1800 R. P.M.

L . .4?j?..ggNpE*y^
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Ampere Ratings of A. C. Motors



The shunt-wound motor is used almost \miversally for con-

stant speed service, for it maintains approximately constant speed

regardless of load. The shunt-wound motor has a rather low

starting torque, and is adapted to such uses as driving blowers,

and other machinery in which the starting torque required is

small.

The compound-wound motor which is a combination of the

series-wound and shunt-wound motors has an advantage of a

large starting torque, and is particularly adapted to driving

power reciprocating pumps, centrifugal pumps, air compressors,
and other machinery.

Ampere Ratings of D. C. Motors

H. P.
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Selection of Motors and Controllers

The selection of the proper type of motor and controlling

equipment to be used with centrifugal pumps, air compressors,

power pressure pumps and power vacuum pumps is very essential.

While the local conditions may govern to some extent the

type of motor and controlling equipment to use, the following

paragraphs give the customary types of motors and controlling

equipment to use with machinery, such as we manufacture.

For direct current motors, we recommend the compound-
wound type for driving centrifugal pumps, air compressors,

power pressure pumps and power vacuum pumps.
For alternating current motors, we recommend the squirrel

cage type for driving centrifugal pumps, and the wound-rotor

or slip-ring type motors for driving power pressure pumps,
power vacuum pumps and air compressors.

For reciprocating machinery such as power pressure

pumps and power vacuum pumps, which are to operate under

automatic control, we recommend that the motor be a

size larger than is regularly required. This is due to the fact

that under automatic control, the machinery has to start up
under full load, which requires a very heavy starting torque.

On the following pages is illustrated and described the proper
electrical control equipment to be used in connection with cen-

trifugal pumps, power pressure pumps, air compressors and power
vacuum pumps. The electrical control equipment as given,

covers both direct, and alternating current apparatus, and in-

cludes the manual starters, as well as the self starters.

Electrical Control Equipment

(The Cutler-Hammer Mfg. Co.)

For Centrifugal Pumps, Air Compressors, Power Pressure

Purrfps, and Power Vacuum Pumps

Motors: Direct Current, Compound Wound
Manual Starters

Standard duty motor starters with low voltage protection,

Bulletin 2111 up to, and including, 35 HP-115 volts, and 50

HP-230 or 550 volts.
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The standard duty starter consists of a sliding contact

type starting panel, with armature resistor self-contained,

mounted on a wall type frame. The low voltage protection

feature stops the motor when the voltage drops or fails alto-

gether and prevents it from restarting when normal voltage is

restored. This protects both the machine and operator against

the motor's starting unexpectedly.

Bulletin 21 11. With cover removed,
to show construction.

Heavy duty manual starters with low voltage protection,

Bulletin 2131. Sliding contact type, similar to Bulletin 2111,

except greater capacity resistor, up to and including 20HP-115
to 550 volts. Larger sizes, up to and including 125HP, 115

volts and 200HP-230 or 550 volts are of the multiple switch

type.

The multiple switch starter consists of a slate front con-

taining a number of levers which, when closed in sequence,

function similarly to the sliding contact type starter. The
levers are so interlocked, that they can only be closed in se-

quence. All starters up to 75HP.-115 volts and 100HP,-230
and 550 volts are in wall type enclosing cases. Larger sizes are

arranged for floor mounting.

Bulletin 2131, with cover
removed.

Bulletin 2131 Multiple Switch Type,
with cover removed.

-
-

AND C

241



D. C. Automatic Motor Starters

Time limit type automatic starters, Bulletin 6106, up to

60HP-115 volts, 125HP-230 volts and 200HP-550 volts. They
can be controlled by pushbutton master stations, snap switch,

float switch, pressure regulator, and other accessories.

The accelerating movement consists of a number of fingers

which cut out successive steps of resistor. This movement
is controlled by an oil filled dash pot. In addition, the larger

sizes include a magnetic main line contactor.

Bulletin 6106.

Alternating Current

Motors: Single Phase, Repulsion Type
Manual Starters

Single phase motor starters, Bulletin 9111, with low-voltage

protection, up to and including 20HP-110 volts and 30HP-220
volts.

These single phase motor starters are similar in construc-

tion to the Bulletin 2111, but are arranged for alternating

current service. They consist of a slate panel with the sliding

contact type starting mechanism and can be used witli either

commutator or repulsion type single phase motors.

Bulletin 91 11 With cover removed.
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Across-the-line type manual starters, Bulletin 9115, with

thermal overload cutouts, up to and including 1 HP-110 volts,

3 HP-220 volts and 5HP-440 or 550 volts single phase.

These starters consist of a 3 pole manually operated con-

tactor with two thermal overload cutouts, mounted on a slate

panel in an enclosing case. The operating handle and locking

levers are on the outside of the case. Contacts are of new roller

type-double contact. For single phase service the center pole

is left "dead."

Bulletin 9115.

A. C. Automatic Motor Starters

Across-the-line type self-starters, Bulletin 9586, up to

15HP-110 volts, 30HP-220 volts and 40HP-440 or 550 volts.

These starters consist of a positive acting, three pole mag-
netic contactor and C-H Thermal Overload Relays, mounted

on a panel in a split case. For single phase service, the center

pole is left "dead." The controller is operated by a remote

control pushbutton master switch or by any type of single

pole switch such as a snap switch, pressure regulator, etc.

The C-H Thermal Overload Relays provide ideal protec-

tion at all times.

Bulletin 9586 Type AAA Bulletin 9586 Types AA or A.

r
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Operating and locking levers are on outside of case. Thermal

overload cutouts provide overload protection at all times.

Bulletin 9115.

Panel type, fused starting switches, with low-voltage

protection, Bulletin 9116, up to and including 3HP-110 volt

and 5HP-220 to 550 volts.

The panel type fused starter consists of a three-pole fully

enclosed switch, fused and so designed that in starting the

fuses are not in circuit, but when in the running position the

fuses are in the circuit for protecting the motor. The cover

can be lowered, for renewing fuses. This starter also provides

low-voltage protection.

Bulletin 91 16. With cover removed
to show construction.
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Primary resistor type manual starters, Bulletin 9118, for

motors up to and including 7J^HP-110 volts and 10HP-220
to 550 volts.

This starter is for use on motors that cannot be thrown

directly across the line, and which do not require the more

costly auto-transformer starter (compensator). It is a panel

type starter, similar to Bulletin 9116, except that it provides
one step of resistance in each phase of the primary circuit when

starting. This cuts down the large current inrush to the motor
on starting. It is provided with running fuses, provides low-

voltage protection and is fully enclosed, being operated by a

lever on the outside of the case.

Bulletin 9118.

Auto-transformer starters, Bulletin 9141, up to and in-

cluding 25HP-110 volts and 125HP-220 to 2200 volts.

This type of starter in the smaller sizes is self-contained,

consisting of a metal case containing two auto-transformers,

switching mechanism, overload and low-voltage protection

features. The switching mechanism which operates under oil,

functions to connect the starting transformer to the power
lines, also connecting the motor to taps on the transformers

for starting, without drawing excessive current from the line.

When the motor is approximately up to speed, operation of

the lever serves to disconnect the starting transformers and

connects the motor directly to the line.

The low-voltage protection feature can be operated me-

chanically at the starter or by means of pushbuttons at a re-

mote point when it is desired to stop the motor. The overload

release feature will not trip on small momentary overloads.

246



BATTLE CREEK. M I C H I GAN , U. S . A. 1

However, it does disconnect the motor if an overload occurs

which may be injurious to the motor or machine. It also

functions to shut down the motor on partial failure of power
lines, that is, failure of one line which would allow the motor

to operate on single phase. On the larger sizes the transfor-

mers are not mounted in the same case with the switching

mechanism, but the operation and functions are the same in

all cases.

Bulletin 9141.

Manual Starters, Slip-Ring Motors

Secondary resistor type, Bulletin 9126, up to and including
25HP-280 volts and 50HP-300 volts rotor limitations.

These starters are of the sliding contact type, arranged to

cut out starting resistance in the rotor circuit. They are me-

chanically released, and have no "dead" point. To stop the

motor, it is necessary to return the lever to the starting point
and open the main line switch. If a magnetic main line switch

is used, it can be interlocked with the starter so that it closes on
the first starting point and opens when the lever is returned to

the original position. Care should be taken so as not to exceed

the rotor limitations given in the Bulletin.

Bulletin 9126. With cover removed.

AND CONDENSERS FOR EVERY SERVICE
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Multiple switch motor starter, Bulletin 9131, up to and

including 2000 HP.

These starters are of the secondary resistor type and

consist of a slate panel containing a number of levers, which,

when closed in sequence, cut out steps of resistance in the rotor

circuit to bring the motor up to speed. The levers are so in-

terlocked that they can only be closed in "sequence. Up to

200HP, the resistor is in the same enclosing case with the panel.

The larger sizes have the resistor separately mounted.

Bulletin 913L

A. C. Automatic Starters, 2 or 3 Phase

Squirrel Cage Motors

Across-the-line type automatic starters, Bulletin 9586, for

capacities up to 150 amperes, at 550 volts.

These starters consist of a positive acting three or four

pole magnetic contactor, and C-H thermal overload relays

mounted on a panel in a split case. The smallest size, for

motors up to 5HP, has roller type contacts and is provided
with a two button control switch in the cover. Larger sizes

have finger type contacts and are supplied with one pushbutton
master switch for three wire control. C-H Thermal Overload
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Relays provide ideal protection. When a relay is tripped, it

can be reset by pushing a button' on the outside of the case.

Bulletin 9586, TypeAAA. Bulletin 9586,

Types AA and A.

Primary resistor type automatic starters, Bulletin 9605,

up to and including 30HP-220, 440 or 550 volts, 2 or 3 phase.

These starters are identical with those listed for single

phase service, except that for polyphase motors, all three poles

are used. They can be controlled by any type of three wire

or two wire master switch.

Bulletin 9605.

Auto transtormer type automatic starter, Bulletin 9621,

up to and including 30HP-220 volts and 40HP-440 or 550 volts.

These starters consist of a three pole and a five pole mag-
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netic contactor, and C-H Thermal Overload Relays mounted

on a slate panel in a split enclosing case. On starting, the five

pole contactor closes, connecting the motor to the line, thru the

auto transformer. After a definite time interval, determined

by an oil dashpot, the three pole contactor closes, connecting

the motor across-the-line. Both low voltage and over-load

protection are provided.

Bulletin 9621. With cover removed.

Transformer type automatic starters, Bulletin 9622, for

2200 volt circuits, up to and including 400HP.

These starters consist of a three pole and a five pole oil

immersed magnetic main line contactor, a solenoid operated
dash pot timing relay, two control relays and an auto trans-

former. The operation is similar to Bulletin 9621, the large

contactor being operated thru the control relays. Any type
of two wire, or three wire master switch can be used for control.

Bulletin 9622.
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be controlled by any type of two wire or three wire master

switch.

Bulletin 9838.

C. H. Accessories

Pushbuttons

These pushbutton stations are for use in the control circuit

of alternating or direct current automatic starters, to control

the various operating functions of the controller.

Bulletin 10250H30 is a single button switch, intended for

use as an auxiliary in connection with control stations of the

two button type.

Bulletin 10250H26 is a two button control station, used

for starting and stopping the equipment from a remote point.

The "stop" button can be locked in the down position, pro-

viding a "safe" feature.

Bulletin 10250H56 is a two button control station used

for starting and stopping from a remote point. It does not

provide the "safe" feature.

Bulletin 10250H30 Bulletin 10250H26 Bulletin 10250H56
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Diaphragm type vacuum regulators, Bulletin 10005.

These regulators are similar in design to the pressure type,

Bulletin 10001 but are arranged for pressures below atmosphere

only, with a maximum vacuum range of 28 inches of mercury.
These vacuum regulators are suitable for use with any of the

automatic starters, but as in the case of pressure regulators, it

is necessary to see that the maximum and-minimum range be-

tween opening and closing does not exceed the limits tabulated

in the bulletin.

Bulletin 10005. With cover removed.

Gauge type pressure regulators, with relay, Bulletin 10013.

These gauge type pressure regulators are for use with systems

having a greater pressure range than can be handled by the

diaphragm type, and are suitable for use with any of the "A.C"

or "D.C." automatic starters.

Bulletin 10313.
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Fig. 95

Single Pumps

The characteristic feature of single pumps is the valve

motion, or mechanism introduced to reverse the motion of ',hc

pump.

This valve motion generally consists of an auxiliary valve,

figure 96, mechanically operated by the steam piston and con-

trolling an auxiliary piston, which in turn operates the main

valve. The latter operates the steam piston, thus completing
the cycle. These four elements can always be recognized in a

single pump.

There are numerous types of valve motions employed on

single pumps, but the most satisfactory is that type in which

the steam piston is controlled by a slide valve, the valve itself

being operated by an auxiliary steam piston working in its own

chest, and the auxiliary piston being moved by the direct ap-

plication of steam pressure.

The admission of the sceam to the end of the auxiliary

steam piston in the chest is controlled by a flat-faced auxiliary

slide valve in the chest, which is actuated by an external valve

mechanism from the piston rod. As the pump reaches the end

of the stroke, steam is admitted by the auxiliary valve to one end

of the auxiliary piston, while the other end is put into communi-

cation with the exhaust at the same time, and the difference of

pressure in the two ends causes the auxiliary piston to move

instantaneously the full distance of its travel, carrying the main
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Burnham Direct-Acting Steam Pumps

Operation

The following is a short description of the Burnham Steam

Valve and its operation, as illustrated by the cuts on the preced-

ing page.

The top view of the steam cylinder shows the auxiliary

valve and chest in section.

The lower view shows a vertical section through the steam

cylinder.

Live steam enters the steam chest at the top and is ad-

mitted to the cylinder alternately through the main steam ports.

At the beginning of the stroke the main steam port is covered

by the piston as shown in the cut. A preadmission port is pro-

vided which admits only enough steam to give the steam piston

an easy start, but when the steam piston has moved far enough
to uncover the main port, it receives the full steam pressure and

moves at its normal speed until it covers the main port at the

other end of the cylinder, when it traps the remaining exhaust

steam in the cylinder and thus forms a cushion, giving the steam

piston an easy stop.

The valve gear is positive in action, and is operated by the

actuating lever moved by a roller attached to the piston rod.

Ihis lever alternately moves the cam blocks both of which are

fastened to the auxiliary valve stem, which in turn moves the

auxiliary valve in the direction opposite to the motion of the

piston.

When the steam piston completes its stroke, the actuating

lever moves the auxiliary valve, opening first the chest pre-

admission port, then the chest main port, admitting live steam

to one end of the auxiliary piston and at the same time opening
the auxiliary exhaust at the opposite end, thus causing the

auxiliary piston, which carries the main valve, to move, revers-

ing the motion of the pump.
The cam blocks are independently adjustable on the

auxiliary valve stem enabling the engineer to make the piston

run as close to the heads as he desires, and to make adjust-

ment to compensate for wear.

The advantages of this valve gear are: a momentary

pause of the piston at the end of each stroke, causing the

water valves to seat quietly without shock or jar; a slow initial

movement of the piston, whereby the water columns are started

gradually, relieving the pump and piping of undue strains; a
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steam pressure on -the main steam piston proportioned to the

amount of work that it has to do; and immunity from damage
in case of accident.

36

Fig. 97
Sectional View of Burnham Pump.

Directions for Setting the Burnham Valve
All Burnham pumps are carefully tested at the factory

under working conditions and the valve gear is properly set. If

it becomes necessary to readjust the valve gear, proceed as

follows :

On yoke 68 ( see figure 97), upon which moves the piston-rod

guide 92, will be found a mark at each end, indicating the extreme

travel of the piston.

If the pump does not run as close to the mark as practical,

loosen the nuts on the valve stem and the set screw in cam block

109 on the opposite side (of the actuating lever 106) from which

it is desired to lengthen the stroke, and move the cam block

away from the point of contact of actuating lever 106.

This will allow the piston to move farther before opening
the valve.

It will be found that by moving this cam block iV of an

inch, it makes quite a perceptible difference in the piston travel,

according to the size of pump to be adjusted.

If the pump should travel too close to the marks, which

would cause it to hesitate and stop at the end of stroke, then

move these cam blocks 109 toward the point of contact of actuat-

ing lever 106.

--fe^
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Always move the cam blocks on the opposite side of lever

from which it is desired to change the stroke.

In all cases the piston should make as long a stroke as

possible and give the required speed to do the work.

To locate the marks on the yoke, indicating the extreme

travel of the piston, move the steam piston to one end till it

strikes the cylinder head and mark with a prick punch the yoke
on which the piston rode guide 92 rides. Repeat this operation
on the other end, and use these marks to adjust the valve as

described.

Advantages of Single Pumps
The single pump is the most desirable type of direct acting

pump because of its simplicity, reliability and economy in

operation and maintenance.

The single pump is simple in construction and has a com-

paratively few number of moving parts and packed joints,

with the result that there is a large saving in friction. The few

number of moving parts required in the single pumps means
less wear and less liability to accidents and slippage and shut-

downs for repairs, as well as entailing less care on the part of the

operating engineer to see that the parts are in the proper running
condition.

It is a well-known fact that the chief sources of loss in any
steam-actuated machine are those by direct radiation through
the walls of the cylinders, and by condensation of the steam

on the walls during admission, with subsequent re-evaporation

during exhaust. Such heat losses mean of course wasted energy.
As the radiating surface increases, the loss of energy increases

with it, and as a single pump has a minimum radiating surface,

the heat losses are a minimum.
In the direct-acting steam pump, all steam used to fill the

port passages of the cylinder, and the clearances at the end of the

stroke, is wasted as it is rejected to the exhaust without having
done any work. Clearance is a necessary evil, so it is made as

small as possible with due regard to proper running of the pump.
Single pumps are made with but one steam port at each end of

the cylinder, and this reduces the wasted steam space to a

minimum.
The greatest advantage of the single pump as regards

steam consumption lies in the fact that with its valve motion,
it has to complete its full stroke before it can reverse. This

means that the waste steam space at the end of the stroke

which is the source of greatest loss in a pump is minimized.

AND CONDENSERS FOR EVERY SERVICE
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Thus the valve I on the right hand pump is operated through
the valve rod J, link K, crank F, rock-shaft D, arm E, piston

rod O, and piston N. The valve on the left hand pump is operated

through the valve rod S, link P, crank B, rock-shaft C, arm A ,

piston rod M, and piston L.

On the duplex purnp, the valve motion is such that one side

finishes its stroke, and waits for its valve to be moved by the

other side of the pump, before it can start on its return stroke.

This pause allows the water valves to seat quietly and obviates

shocks. As one or the other of the steam valves is always open,

there is no dead center, and the pump will start whenever the

steam is turned on.
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Directions for Setting Steam Slide Valves
of Duplex Pumps

To set the Slide Valves of Duplex Pumps without outside ad-

justment. First open drip cocks so that steam cylinders will be
drained

;
then move piston rod of one side toward steam cylinder

head by prying against crosshead until steam piston strikes head
and then make a mark on piston rod close to face of steam piston
rod gland. Next move piston rod to opposite end of stroke until

steam piston strikes andmake a mark on piston rod just half way
between first mark and face of steam piston rod gland. Now
move piston rod backward until second mark is flush with face

of steam piston rod gland and the piston will stand at half stroke.

Disconnect link from knuckle of valve rod on opposite side and

place slide valve in steam chest, chest cover, of course, having
been taken off for this purpose, so that valve exactly covers both
steam ports that lead to opposite ends of cylinder

Now hold slide valve nut exactly in centre of space between
slide valve lugs, screw valve rod through this nut until knuckle

eye is in line with link eye, and push link pin in place. Repeat
this process with other side of pump and the operation is com-

plete. It will be found an advisable plan to move both pistons
to middle stroke before touching either slide valve.

Before putting on the steam chest covers, move one of the slide

valves so as to open the steam port, otherwise the pump might not

start^as in setting the valves the steam ports have been covered.

All steam valves are properly set before the pumps leave
the factory.

Advantage of Duplex Pumps
The advantage of a duplex pump over other types of direct

acting pumps is its continuous discharge. The stroke of one

piston begins before the other piston has come completely to

rest, so the movement of the suction and discharge columns is

practically continuous.

PUMPING MACHINERY^AIR CQ_MP_RESS Q_RS-
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Fig. 102b.

Section of Fluid End of Duplex
Piston Pump, Showing Suction
Either Side, Discharge at End.

Horizontal Piston Pumps, Duplex Design

Duplex Piston Pumps are built for fluid pressures up to

250 pounds per square inch, the pressure depending on the size

of pump.
On small duplex pumps, the fluid end is of the type as shown

in figures 102a and 102b, 103a, 103b. The suction opening is

arranged either on the sides or at the end of the cylinder, and

the discharge is at the end of the cylinder. These cylinders

are fitted with bronze liners either bolted or pressed depending
on the size. The valves are accessible by the removal of the

hood and valve plate.

Large sizes of duplex pumps have the fluid end of the hand-

plate design as shown in figure 104. All valves are accessible

by removal of the hand plates. These pumps are fitted with

bronze bolted liners.

Fig. 103a

Horizontal Duplex Piston Pump, Suction and Discharge at end

AND CONDENSERS FOR EVERY SERVICE
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Fig. 103b.

Section of Fluid End of Duplex Piston Pump, showing end

Suction and Discharge.

Fig. 202.

Section of Duplex Piston Pump, Hand-Plate Design.

PUMPING
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Fig. 106.

Section of Fluid End of

Outside Center-Packed Pump,
used on large sizes.

Outside End-Packed Plunger Pumps
For fluid pressures up to 150 and 250 pounds per square

inch, the end-packed plunger type of pump as shown in fig. 107a

is very often used.

In this type there are two plungers connected by side rods.

The plunger glands are readily accessible, and any leakage
from the plungers can be detected and stopped, while the pump
is operating.

The outside end-packed fluid cylinder is of the valve-

plate design. In the smaller sizes the valves are accessible by
the removal of the hood, and the valve plate fig. 107b. The

larger sizes have hand plates for gaining access to the valves as

shown in fig. 108.

Fig 107a

Outside End-Packed Plunder Pump
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Fig. 107b

Section of Fluid End of Outside End-Packed Plunger Pump,

small sizes.

Fig. 108.

Outside End-Packed Plunger Pump, Hand-Plate Design.

Pot Valve Pumps
For fluid pressures of 150 pounds and over, the End-Packed

Pot-valve Pump as shown in figs. 109a and 203 is used.

On account of the high pressures this type of pump is subject

to, the castings are reduced to the smallest possible dimensions.

The valve chambers are small, and the valves used are generally
of the bevel-seat wing type. The valves are readily accessible

by removing the cover over the valve. See fig. 109 b.
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Fig. 109a.

Pot-Valve Plunger Pump

Fig. 203.

Duplex Pot-Valve Plunger Pump.

Fig. 109b.

Section of Fluid End of

Pot-Valve Pump.

Hydraulic Pressure Pumps
For higher pressures up to 2000 pounds per square inch,

the hydraulic pump with cast iron fluid end as shown in figs.

HOa and HOb is generally used.

For pressures up to 3000 pounds per square inch, these

pumps are fitted with cast steel fluid ends, and for pressures
above 3000 pounds, the fluid ends are made of forged steel,

as shown in Figs. Ilia and lllb.

In the forged steel cylinders all plunger and valve openings
are drilled from the solid forging.

In hydraulic pressure pumps the valves used are of the

bevel-seat wing type. These valves are accessible by the re-

moval of the screwed plugs over the valves.
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Fig. llOa

Hydraulic Pressure Pump with Cast Iron or Cast Steel Fluid End.

Fig HOb.

Section of Hydraulic Pressure Pump with Cast Iron or Cast Steel

Fluid End

Fig. Ilia.

Hydraulic Pressure Pump with Forged Steel Fluid End.

Fig. lllb.

Section of Hydraulic Pressure Pump with Forged Steel Fluid End.

AND CONDENSERS FOR EVERY SERVICE
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Fig.-llSa

Vertical Duplex Piston Pump.

Fig. 113b

Section of Fluid End of Vertical Duplex Piston Pump.

AND CONDENSERS FOR EVERY SERVICE
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Example

Assume we have a piston type fluid cylinder 12" in diameter,

16" stroke. The fluid pressure is 100 pounds per square inch,

the initial steam pressure is 110 pounds per square inch, and the

exhaust or back pressure is 5 pounds per square inch. It is

desired to find the proper size simple steam cylinder, which will

be satisfactory for the conditions.

Solution

The area of a 12 "
piston =113 square inches.

113x100 = 11300 pounds total pressure on fluid piston.

Referring to page 295, the mechanic*! efficiency of a 16

ii ch stroke piston pump is 80x80 = 64 per cent. Then the total

Joad or pressure to be exerted by the steam piston will be

= 17656 pounds.

The initial gauge pressure at the steam cylinder is 110

I ovnds, and the back pressure 5 pounds, making the net steam

pressure 105 pounds.

'Then-- = 168.1 Square inches.
105

= Area of steam piston.

The nearest commercial size of steam cylinder will be 16

inches, and the size of the pump will then be 16X12x16.

Compound Steam Cylinder Pumps

Direct-acting steam pumps take steam during the entire

stroke, which makes them extravagant in the use of steam

compared with the amount of work done.

To overcome this inherent difficulty, compound steam

cylinders are resorted to where econgmy is essential. In com-

pounding, however, unless the boiler pressure is 80 pounds or

over, additional initial expense involved will not be warranted

unless the pump operates condensing.
In compound pumps the steam is admitted to the high pres-

sure cylinder during the entire length of the stroke, so that it

is not vised expansively. When the exhaust port. of the high

pressure cylinder is opened, the pressure immediately drops to
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equalize the pressure on the exhaust side of the high-pressure

cylinder, the receiver pipe, and the low-pressure steam chest.

When the pistons move on their return stroke, the exhaust pres-

sure in the high-pressure cylinder falls to the pressure in the

low-pressure cylinder, this drop being in accordance with Boyle's

Law, for the area of the low-pressure cylinder being greater

than the high pressure, as the pistons advance, the total volume

increases, and the steam expanding reduces in pressure. Figure
116 illustrates the indicator card of a compound direct-acting

pump.

M7?

Fig. 116

Indicator Card of Compound Direct-Acting Pump.

Gain in Compounding

The percentage of gain by compounding varies from 25 to

35 per cent in non-condensing pumps, and 25 to 40 per cent in

condensing pumps, depending upon the conditions of operation.

Ratio of Cylinders in a Compound Pump
The ratio of cylinders in a compound pump varies from

two to three. This ratio is generally dependent on the initial

cost, which is based on using standard commercial sizes.

Formulae for Calculating Compound Pumps

The sizes of compound cylinders to use on a direct-acting

pump may be calculated by the following formula.

In which I = Initial absolute steam pressure.

B = Absolute back pressure.

Absolute back pressure is 16 pounds for non-condensing

pumps, and 6 pounds for condensing pumps.
R= Ratio of steam cylinders.

A = High pressure cylinder area.
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Effective pressure, high-pressure cylinder=I (a)R

Effective pressure, low-pressure cylinder = B
R

Then R( B )
-I RB equals (b)

the effective pressure in the low-pressure cylinder referred to

the high-pressure cylinder.

The sum of (a) and (b) gives the total effective pressure
referred to the area of the high-pressure cylinder or

total effective pressure =1 + 1 RB =21 RB
R R

Hence the total pressure exerted by the steam cylinders
of a compound pump referred to the area of the high-pressure

cylinder equals

Ax(21 RB J (47)

Example

Assume we have an outside center-packed type fluid

cylinder 14 inches in diameter, 20 inch stroke. The fluid

pressure is 150 pounds, the initial steam pressure 125 pounds

gauge, and the exhaust or back pressure 16 pounds absolute.

It is desired to find the proper size compound steam cylinders,

which will be satisfactory for the conditions.

Solution

Area of 14 inch plunger = 154 square inches.

154X150 = 23100 pounds = total pressure on fluid plunger.

Referring to page 295, the mechanical efficiency of a 20 "

stroke outside packed pump is 80X80=64 per cent, then the

total load or pressure to be exerted by the steam pistons will be

23100
. =36093 pounds.

The initial steam pressure is 125 pounds gauge, or 125 + 14 . 7

absolute.

|
"AND



2 UN



j
BATTLE C



i
UNI



B A T T L E C RL E E K . MIC HI G AN, U. S . A.

These are the principles involved in lifting water by suc-

tion. In figure 120 is illustrated a direct acting pump cylinder

and suction pipe. As soon as the pump removes a portion of

the air pressure inside the pipe, the pressure inside and outside

will be unbalanced. As water under pressure presses equally

in all directions, if the resistance be removed at any point, the

water will flow in that direction, being forced along or upward

by reason of the unbalanced pressures. In other words, when
a partial vacuum is created in the suction pipe, the pressure

or resistance at this point is decreased, and the pressure on the

same area of water outside the pipe is, therefore, the greatest,

and the water is forced up in the pipe.

Fig. 120.

Sketch Showing Fluid Cylinder and the Course of Fluid

Through Same.
The distance or height to which water will be forced up

in the pipe depends upon how much, or to what extent the

resistance or pressure has been removed. A column of water 1
*

square, and 27.6" high, weighs 1 Ib. If the pressure on each

square inch of the surface of the water in the pipe be reduced
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1 lb., the water will rise 27.6* in the pipe. If 2 Ibs. pressure
be removed, it will rise twice as high or 55.2", and so on. Now
the pressure on the outside of the pipe, i.e., the air pressure
down on the surface of the water, is merely the weight or pressure
of the atmosphere, which at sea level is 14.7 Ibs. on each square
inch. It will be seen, therefore, that there is a limit to the

height to which the water may be raised by suction, or atmos-

pheric pressure. The maximum theoretical . height is equal to

14.7X27.6'', which is 405.72", or 33.83 feet. Owing to leakage
of air and frictional losses, this height is reduced to 26 feet in

practice.

The curve below gives the theoretical and practical
suction lift of water at various temperatures at sea level.

The upper curve gives the maximum possible suction lift, and
the lower curve is the practical suction lift.
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Suction at Altitudes

For altitudes above sea level where the barometric pressure
is less than 14.7 Ibs. per square inch, the water suction lift is

less than at sea level. A pump that will raise water 26 feet at

sea level would only raise it 21.4 feet if placed at an altitude of

one mile. The following table gives the maximum lift possible
for different altitudes.

SUCTION LIFT AT DIFFERENT ALTITUDES

Miles
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other words, the area of the suction pipe in square inches is

equal to the area of the water piston times the piston speed in

feet per minute, divided by 250.

Example

Calculate the size of the suction pipe for a 12X8X12
simplex pump based on the pump making 100 strokes per

minute, or 100 feet piston travel.

Solution

The area of the water cylinder or piston is 50.26 square

inches, and the piston speed in feet per minute is 100. The
area of the suction pipe will then be

50X100
rrr = 20.1 Square inches.

which corresponds to a diameter of about 5".

The size of the discharge pipe may be calculated in the same
manner by using a velocity of 400 feet per minute through the

discharge pipe, instead of 250 feet.

Example

Calculate the size of the discharge pipe for a 12x8x12 pump
based on the pump making 100 strokes per minute or 100 feet

piston travel.

Solution

The area of the 8" water cylinder or piston is 50.26 square
inches, and the piston speed in feet per minute is 100. The area

of the discharge pipe will then be

50.26X100 = 12.56 Square inches.
400

which corresponds to a diameter of 4 ".

Assuming a practical velocity of water in the suction pipe
of 250 feet per minute, and a velocity in the discharge pipe of

400 feet per minute, the sizes of suction and discharge pipes

may be calculated from the following formulae:

(48)

(49)
In which D

t
= Diameter of suction pipe.

D2
= Diameter of discharge pipe.

G = Gallons per minute.
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Fig. 122

Sketch Showing Proper Location of Suction Air Chamber.

Air Chambers

Air chambers are generally of cast iron, and may be attached

to the discharge pipe or to the suction pipe. When the air

chamber is attached to the discharge pipe, it is called a discharge
air chamber, and when attached to the suction pipe, it is called

a suction air chamber. The object of an air chamber is to pro-
vide an elastic element in the pipe line to take up the shocks

and pulsations, and produce a uniform flow in the pipe. The

discharge air chambers are generally furnished on simplex pumps
of all kinds, except those used for vacuum service. The dis-

charge air chambers are not furnished on the smaller sizes of

duplex pumps. However they are advisable on larger sizes.

Discharge air chambers are generally provided with an

opening on the side near the top for charging with air. How-
ever if there is not a supply of compressed air available, a snifting

valve of pet cock may be placed in the suction, which will admit

sufficient air to the water to properly charge the air chamber.
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Where the suction pipe is very long, or the suction lift high,

an air chamber on the suction pipe is recommended, as it as-

sists the pump in starting the long column of water at each stroke,

and it also stops the motion of the water without shock, in case

the pump is operated at high speed. Suction air chambers

should be placed as shown in figure 122, and the capacity of the

suction air chamber should be approximately 6 to 8 times the

capacity of the water cylinder.

GHtHk*

Fig. 123

Sketch Showing Arrangement of Piping on Water End to Determine

the Total Head.
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For cold water service against low pressures, 100 pounds
and under, piston speeds up to 100 feet per minute depending
upon the size of the pump, can be successfully used.

For high pressure service, 150 pounds and over, pumps are

generally operated at moderate speed.

Pumps handling thick liquids like syrup, molasses, heavy
oil, etc., which cannot be made to flow fast should also run slow.

Displacement

The displacement of a single double acting pump can be
calculated theoretically by the following formula:

AXTX12
D =- -

.0408d2T
231 (50)

In which D = Displacement of double acting plunger, U. S.

gallons per minute.

A = Area of piston or plunger in square inches.

d= Diameter of piston or plunger.
T= Piston travel in feet per minute.

If it is desired to find the diameter of the water piston or

plunger to give a specified displacement, formula 51 may be used.

~D~ (51)

In which d = Diameter of the piston or plunger.
D = Displacement in U. S. gallons per minute.

T = Piston travel in feet per minute.

Example

Assume we wish to find the diameter of a pump piston to

handle SOO gallons per minute at 75 feet piston travel. Sub-

stituting in formula 51.

SOO
d=4.95

ISOO

\~75~75

=4.95X3.26
= 16.13"

Therefore use a 16" piston.

In the center packed plunger, or the piston pump, the

displacement of the piston rod must be deducted, if accurate

results are desired.

IAND ^^p^B^SERSFOR_^VB^_SEKy_lC E
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Slip

There is a loss of capacity in the operation of a pump due

to leaky valves, piston packing, stuffing boxes, or suction. This

loss is generally stated as a percentage of the displacement,
and is called the slip.

SUP
- (62)

In which L = Loss by leakage in gallons per minute.

D = Displacement in gallons per minute.

Slip varies in pumps from 2% to 10%, depending entirely

upon the condition of the pump. It is customary to use a figure

of 5% in estimating the slip of a pump.

Capacity

The capacity of a pump is the actual volume of liquid

delivered, and equals the displacement minus the slip.

C =D S (53)

In which C = Capacity in gallons per minute.

D = Displacement in gallons per minute.

S =Slip in gallons per minute.

The capacity of a pump may be found by calculation,

assuming a factor for the slip, or by actually measuring the

water by weir, tank, nozzle, or pitot tube, as described on

page 110.

In calculating the displacement, or capacity of a pump by
the formula given, the results obtained are in U. S. gallons of

231 cubic inches.

In Great Britain, and her colonies, the Imperial gallon is

used, which contains 277 cubic inches, or is 20% larger than the

U. S. gallon.

Volumetric Efficiency

The volumetric efficiency of a pump is the ratio of the

capacity to the displacement, and equals

C (64)
E
v
=

rT



BATTLE CREEK. MICHIGAN, U. S. A.

Hydraulic Efficiency

The hydraulic efficiency is the ratio of the total head pumped
against to the total head pumped against plus the hydraulic losses,

equals

(66)

The hydraulic losses consist of the frictional losses, in the

suction pipe, through the pump valves, and seats, as well as the

velocity head.

Mechanical Efficiency

The ratio of the indicated horse power of the water end to

the indicated horse power of the steam end is the mechanical

efficiency, and equals

(56)

The mechanical efficiency of direct acting pumps varies

with the size and type from 50% to 90%. This factor can be

determined only by actual test.

The following table gives an approximate idea of the mechan-

ical efficiency of direct acting pumps of the piston and outside

packed types.

In calculating pump sizes, to take care of any possible

drop in steam pressure, or unforeseen conditions, we recommend
that the mechanical efficiency be taken at 80% of the values

given in the following table.

MECHANICAL EFFICIENCY PERCENT

Stroke
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Overall Efficiency

This efficiency comprises all losses in the pipe, and indi-

cates the economy of the whole unit. It is expressed as follows :

E =E
hy XEvxEm (67)

Steam Indicated Horse Power

The steam indicated horse power of a pump is calculated

by the formula

P. L. A. N. (68)
Horse Power = -

P = Indicated M. E. P. pounds per square inch.

L= Length of stroke in feet.

A = Area of steam piston in square inches.

N = Number of strokes per minute.

Water Horse Power

The horse power of the water end equals.

H PW = = .000252G.H.
33000 (59)

Where G=U. S. Gallon's per minute delivered.

W= Weight of one U. S. gallon in pounds.

H = Total head pumped against in feet.

Example

Find the water horse power of a pump delivering 500 U. S.

gallons per minute against a head of 200 Ibs.

Solution

lib =2.31 feet.

200 Ibs -200X2.31 =462 feet.

Now substituting in formula 59,

H P =
.000252X500X462 =58.2

PUMPING
"
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Materials and Manner of Fitting Pumps for Hand-

ling Different Liquids and Gases

Direct acting pumps, power pumps, and crank and flywheel

pumps are classified according to the manner in which the

liquid cylinder is fitted, as follows :

Standard Fitted : This means that the pump is fitted with

cast iron liquid cylinder, steel piston rod, bronze liner, bronze

valve seats, bolts and springs, rubber or bronze valves, and cast

iron liquid piston or plunger.

Standard Bronze Fitted : This signifies a pump fitted with

cast iron liquid cylinder, bronze piston rod, bronze liner, bronze

valve seats, bolts and springs, rubber or bronze valves, and cast

iron liquid piston or plunger.

Full Bronze Fitted: This is a pump, which carries a cast

iron liquid cylinder, bronze liner, bronze valve seats, bolts and

springs, rubber or bronze valves, bronze liquid piston or plunger.

All Iron Fitted : Pumps for handling tar, ammonia, etc. are

built without bronze fittings. In this type of pump the liquid

cylinder is of cast iron, the piston rod is of steel, valve seats

and valves of cast iron, valve bolts of steel, valve springs of

steel, and liquid piston or plunger of cast iron. Iron fitted

pumps are furnished with, or without cast iron liners, depending

on the size of the pump.

All Bronze: This is a pump with the liquid cylinder of

bronze, bronze liner, bronze piston rod, bronze valve seats, bolts

and springs, bronze valves and bronze water piston or plunger.

In the above classification, the term "Standard Fitted"

generally applies to duplex pumps only. Simplex Pumps are

built regularly, "Standard Bronze Fitted."

The following list gives an idea of the proper fitting foi

pumps for handling different liquids, as well as the type of liquid

valve to use, and the kind of packing in the liquid piston or

plunger.

jji
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The Materials and Fittings Used for Pumping
Various Liquids

Direct Acting Pumps, Power Pumps Crank and Flywheel

Pumps

The following table gives the proper materials and fittings to be used on pumps for
handling different kinds of liquids.

Kind of Liquid



The Materials and Fittings Used for Pumping

Various Liquids Continued

Direct Acting Pumps, Power Pumps, Crank and Flywheel

Pumps

The following table gives f.ie proper materials and fittings to be used on pumps for

handling different kinds of liquids.

Kind of Liquid



Duty

Duty is the number of foot pounds of useful work done by
1000 pounds of dry steam, or a 1,000,000 B. T. U.

Duty formerly meant the amount of work done by 100

pounds of coal, but owing to the variation in the quality of the

coal, and the efficiency of the boiler, this definition was discarded.
- An efficient boiler will evaporate ten pounds of water per

pound of coal. Therefore, in order to make a fair comparison
10X100 = 1000 pounds of steam was adopted as a basis for

rating the economy of pumps.
The method of calculating duty is as follows :

Let W = Number of pounds of steam used per horse power
per hour.

D = Duty in foot pounds per 1000 pounds of dry steam.

H=Number horse power developed per 1000 pounds dry
steam per hour.

1000
Then- =HW
Now one horse power =60 X 33000 foot pounds per hour.

Therefore 1000 pounds dry steam will deliver H X 60 X 33000

foot pounds per hour.

Or substituting 1000X60X33000 foot pounds per hour.

W
By definition, the above expression is the Duty D. There-

fore writing it down equal to D, and multiplying we have,

_ 1,980,000,000 (60)~~
This formula enables one to readily calculate the rating

in feed water or steam consumption, if the duty is given, or

vice-versa. Thus a duty of 100 million foot pounds per 1000

pounds of steam is equivalent to 19.8 pounds of steam per
horse power hour.

The A. S. M. E. in 1891 reported a standard method of con-

ducting duty, instead of the above units of 100 pounds of coal,

or 1000 pounds of steam, they recommended a new unit based on

1,000,000 B. T. U. furnished by the boiler. The economy is

then expressed in foot pounds of work done per 1,000,000 B.T.U.,

this unit is the equivalent of 100 pounds of coal when each pound
imparts 10,000 B. T. U. to the water in the boiler.
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Measure of duty; the principal data required for cTetermin-

ing the duty of a pump is the work done, and the steam con-

sumed in doing this work.

Capacity: The actual amount of water delivered by a

direct acting pump may be measured by pitot tube, calibrated

tank, nozzle, or Venturi meter, as illustrated and described on

page 110. However as the displacement pump is really a meter, it

is reasonably accurate to calculate the displacement of the

plunger and deduct the piston rod, as well as deducting 5% to

10% for slip. The amount of slip depends upon the size of

the pump, as well as the conditions of the valves and packing.

Head: The head pumped against is obtained by placing

a calibrated pressure gauge on the discharge pipe, and to its

reading must be added the difference in the velocity head in

the suction and discharge pipes, and the vertical distance from

the center of the gauge to the level of the water in the suction

well. See figure 123. If the suction pipe is long, a calibrated

vacuum gauge should be placed on the suction pipe close to the

pump. Then to obtain the total head, the readings of the vac-

uum and discharge gauges are added, as is also the distance

between the center of the discharge gauge and the point where

the vacuum gauge is connected, and the difference in the velocity

heads in the suction and discharge pipes. The velocity head

maybe calculated by formula 22, page 108. If the suction and

discharge pipes are the same size, the velocity head is zero.

Steam Consumption: To determine the quantity of steam

used by the pump, there are two methods employed. The first

method is by measuring the amount of feed water pumped to

the boiler, and the second method is by measuring the conden-

sate discharged by the air pump. The first method is used

where the steam is condensed in a jet condenser in which the

steam and injection water are mixed, and the second method

is employed where a surface condenser is used.
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Example

A compound steam pump pumps 3,000,000 gallons of water

per twenty-four hours against a head of 100 pounds per square

inch. The steam consumption is 40 pounds per water horse

power per hour. Steam pressure 100 pounds, exhaust tempera-

ture 120 (a) what is the duty per 1000 pounds of steam?

(b) what is the duty per 1,000,000 B. T.U.? A gallon of water

weighs 8% pounds, and one pound water pressure equals a head

of 2.31 feet.

Solution (a)

Weight of water pumped in 24 hours 3,000,000X8^
= 25,000,000 Ibs.

Head pumped against
Work done in 24 hours

Work done per hour

Water horsepower

Steam used per hour

Duty per 1000 Ibs. of steam

-100X2.31 =231fcet.
= 25,000,000X231

=5,775,000,000

foot Ibs.

5,775,000,000

24

=240,625,000 foot Ibs

240,625,000=
33,OOOX60
= 121.5

=4860 Ibs.

240,625,000

4.86

=49,511,300 foot IbsSolution (b)

Net heat supplied to pump per pound of steam.
-1188.6 (120-32) =1100.6 B.T.U.(See steam table in

Appendix.)
Total heat furnished to pump by boiler =1100.6x4860.

=5,348,916, B. T. U.

Duty per 1,000,000 B. T. U. =
240,625,000

-=44,993,455 foot pounds
O.o4o

AIR egMP RJE .
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Table Showing the

Comparative Steam Economy of Pumps

TYPE Weight of Steam
per 1 H. P. per hour

Fly-Wheel Triple Expansion condensing 13 to 16 Ibs.

Fly-Wheel Compound High Speed with positive moved
water valve 15 to 19 Ibs.

Fly-Wheel Cross Compound regular 18 to 20 Ibs.

Single direct-acting Triple Compound condensing large 23 to 24 Ibs.

Single direct-acting Triple Compound condensing small 25 to 27 Ibs.

Burnham Single direct-acting Compound condensing large 30 to 33 Ibs.

Burnham Single direct-acting Compound condensing small 35 to 38 Ibs.

Duplex direct-acting Triple Compound condensing large 26 to 28 Ibs.

Duplex direct-acting Triple Compound condensing small 28 to 30 Ibs.

Duplex direct-acting Compound condensing large 30 to 39 Ibs.

Duplex direct-acting Compound condensing small. .... .40 to 43 Ibs.

Duplex fly-wheel Simple condensing large 40 to 43 Ibs.

Duplex fly-wheel Simple condensing small 45 to 48 Ibs.

Duplex fly-wheel Simple non-condensing large 48 to 50 Ibs.

Duplex fly-wheel Simple non-condensing small 52 to 55 Ibs.

Burnham Single direct-acting Compound non-condensing
large 35 to 45 Ibs.

Burnham Single direct-acting Compound non-condensing
small 45 to 55 Ibs .

Duplex direct-acting Compound non-condensing large.. 55 to 65*lbs.

Duplex direct-acting Compound non-condensing small.. 65 to 75 Ibs.

Burnham Single direct-acting ordinary large 65 to 80 Ibs.

Burnham Single direct-acting ordinary small 80 to 100 Ibs.

Duplex direct-acting ordinary large 120 to 150 Ibs.

Duplex direct-acting ordinary small 150 to 200 lb.c .

^^
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Valve Area

The valve area of a pump, which is generally expressed as

a percentage of the water piston area, is the ratio of the total

area of the effective suction or discharge valves on one stroke

of the piston to the area of the water piston. The valve area

is generally taken as the area through the valve seat on the

assumption that the valve will lift a sufficient amount, so that

the area measured at the periphery of the valve will be equivalent

to the area of the opening in the valve seat. In a direct acting

pump, there is generally the same number of suction valves and

discharge valves, hence, valve area may refer to either suction or

discharge area.

The valve area of pumps varies with the conditions of

service; vacuum pumps, which handle a large percent of air

are generally given a valve area of 25 to 30 per cent. Boiler

feed pumps generally have a valve area of 35 to 45 per cent.

Pumps operating at 100 feet piston travel, and handling large

volumes of water are generally given a valve area of 40 to 50

per cent. Elevator pumps, which usually operate at high speeds,

have a valve area of 50 to 75 per cent.

Pump Valves

Direct acting pumps are generally fitted with rubber valves

or bro:ize valves, depending on the service.

Medium rubber valves are used on pumps operating on low

pressures up to ICO Ibs.per square inch for handling cold water-

Fig. 124
Scat with Rubber Valve and one-

piece Bolt.

Fig. 125
Seat with Rubber Valve and Bolt

with Removable Guard

LAND CONDENSERS -FOR EVERY SERVICE
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Medium rubber valves are also used on wet vacuum pumps
operating on a high vacuum. Hard rubber valves are used on

pumps operating on 75 pounds to 200 pounds pressure per

square inch, handling hot or cold water, and on vacuum heating

pumps. Pumps handling very hot water j210 to 212 re-

quire special rubber valves, or bronze valves.

Figure 124 illustrates the rubber valve and its guard, seat,

bolt and spring. The valve is guided by the bolt, which screws

into the seat on a taper thread, and a bronze or iron guard is

provided on top of the rubber valve in a bearing for the spring.

The head of the valve bolt provides an upper guard for the spring.

This head may be cast as part of the bolt, as shown in figure

124 or may be separate as shown in figure 126. The bolt with

the removable guard is the type furnished for hand plate cylinders.

The valve springs are bronze or steel, depending on how the

pump is fitted. Rubber valves such as shown in figure 124

can easily be re-faced when worn.

Fig. 126

Seat with Bronze Flat Disc Valve, and Bolt with Removable Guard

Bronze Valves

For pumps operating on 250 to 300 pounds, bronze dis-

charge valves of the type shown in figure 126 are used. This

type of valve can be easily inserted in place of the rubber valve

if desired, and can be ground to a good seat.

PUMPING MACHINER.Y, AIR
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Fig. 127. Bevel Seat Wing Valve.

Beveled Seat Wing Valves

For high pressure pumps, the wing valve shown in figure

1 27 is used. This valve has a conical seat, and is provided with

four wings, which guide the valve in its seat. This type of

valve as a rule has a comparatively low lift, and can be easily

ground to a seat under pressures up to 5000 Doundsper square
inch.

Fig. 128
Clapper

Valve

Clapper Valves

For handling thick liquids, such as tar, molasses etc., valves

with larger opening are necessary. For this purpose clapper
valves may be used (see figure 128). The seat is generally made
in the form of a rectangular opening in the valve deck, and the

valve is ground to its seat and hinged.

Ball Valves

The ball valve is another and the more common type of

valve used for handling thick liquids. This type of valve gives

a free opening for the passage of the liquid.

The ball valve illustrated in figure 129 consists of a hollow

ball made of either bronze or iron. The valve seat or cage may
be screwed in place of a regular valve seat. The lift of the ball

valve is limited by a cap, which screws into the top of the cage.

AND CONDENSERS FOR EVERY SERVICE
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Metallic Packing and Cup Leather Pistons

For pumps handling oil, syrup and other liquids, the piston

is generally packed with a solid grooved ring packing as shown

in figure 130b. This ring is made a floating fit on the piston.

Cup leather pistons, as illustrated in figure 130c are some-

times used for handling cold oil and other liquids.

A plunger is a long solid piston or barrel working in one or

two stuffing boxes, which are packed with a fibrous material.

Plungers may be end packed or center packed as described on

pages 271-272.

The chief advantage of the plunger pump is that any leakage

by the plunger may be eliminated, while the pump is in operation.

The plunger pump is particularly suited for handling water

or liquids containing sand and grit, and also for pressure pumps.

Stuffing Boxes
Small size pumps are generally furnished with screwed

stuffing boxes as shown in figure 131a. The customary

type of stuffing box used on pumps is shown in figure 13lc

which has a bolted gland.

Pumps operating on a high vacuum require a water-sealed

(b) Fig. 131
Sketch Showing Plain Screwed Stuffing Box (a); Screwed Type with

Lantern Gland (b); and Bolted Type (c).

Fig. 132

Open Pot Water Seal Stuffing Box.

AND CONDENSERS FOR EVERY SERVICE
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stuffing box on the water end. Two types are used for this

purpose, the ordinary stuffing box with a lantern gland shown
in figure 131 (b) and the open pot water seal shown in figure 132.

Pumps for Different Services

Boiler Feed Pumps

A Committee of the American Society of Mechanical

Engineers recommended the unit of boiler power, known as the

"Centennial Standard", and this is now generally accepted.

They advised that the commercial horse power be taken as an

evaporation of 30 pounds of water per hour from a feed water

temperature of 100 of steam at 70 Ibs. per square inch

gauge pressure. This is practically equivalent to 34>^ units

of evaporation, that is, the 34> Ibs. of water evaporated from

a feed-water temperature of 212 into steam at the same

temperature. This "Centennial Standard" unit is equivalent

to 33,317 British thermal units per hour.

It was the opinion of this committee that a boiler rated at

any stated power should be capable of developing that power
with easy firing, moderate draft, and ordinary fuel, while ex-

hibiting good economy; and at times when maximum economy
is not the most important object to be attained, at least one

third more than its rated power, to meet emergencies.

In calculating the size of a boiler feed pump it should be

based on 34> Ibs. of water per horse power per hour, and should

handle the rated boiler horse power when operating at a slow

speed. If the pump is calculated large enough so that it will

operate at a slow speed, then in case of emergency it can be

speeded up to take care of any deficiencies or overload that may
be required of the boilers.

The types of pumps used for boiler feed service are

either piston pumps, center packed plunger pumps, end packed

plunger pumps, or centrifugal pumps. They should be com-

pound where economy is essential, or vertical where floor space

is limited.

Boiler feed pumps as a rule exhaust into a feed water

heater. Thus the latent heat of the exhaust steam is recovered,

and the heat expended in pumping the water into the boilers

amounts to practically nothing.

The following tables give the size of simplex and duplex

boiler feed pumps, and the capacities and H. P. boilers they

are suitable for at various speeds.
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Mine Pumps
For mine service, two kinds of pumps are used, the sinking

pump, and the station pump.
In sinking a mine, the first pump used is a sinking pump,

illustrated in figure 134, which is of the center packed plunger

type, and is so constructed that it can be lowered down in the

mine shaft. It is secured to two steel hangers for hooking over

a beam.

Fig 134
Vertu al Sinking Pump.



UNION STEAM PUMP COMPANY
1

This pump is admirably adapted for this service, as it is very

compact, and the valve gear and yoke are entirely enclosed,

protecting it from falling rocks.

When a desired depth is reached in sinking the mine shaft,

a chamber is cut out, and a station pump installed, which may be

of the side plate piston pattern, as illustrated in figure 135, or

of the pot valve plunger pattern, as illustrated in figure 109a.

A sump is provided into which the sinking pump delivers

the water, and the station pump takes the water from the sump ,

and elevates to the surface.

Fig. 135
Horizontal Mine Pump, Piston Pattern.

Fig. 109a
Pot Valve Plunger Pump.

Elevator Pumps
Direct acting pumps are used extensively for supplying

water to hydraulic elevators. These pumps may be of either

the piston or plunger pattern, and have simple or compound
steam cylinders depending upon conditions. Figure 136 illus-

trates a compound center packed plunger elevator pump.

318



|
BATTLE



There being no resistance at the beginning of the stroke, except

friction, one piston of a duplex pump would move rapidly for-

ward, and throw the valve of the opposite pump before the

piston of the opposite pump would have a chance to finish its

stroke. The result would be a short stroke, and a low efficiency

of the pump.

For these reasons the simplex pump is used for vacuum
service. In this type, the piston cannot reverse until it has

completed its stroke, and the result is an efficient and positive

acting vacuum pump.

Vacuum pumps are divided into two classes, high vacuum
and low vacuum. To the former class belong those used for

condensing work etc., where a vacuum of 26 "
is required, and to

the latter class belong those used for heating systems etc., where

a low vacuum of 10 *
to 20 "

is required.

High Vacuum Pumps

High vacuum pumps, which have small clearance, are pro-
vided with soft rubber valves, and have a water sealed stuffing

box of either the lantern type or open pot type, as illustrated

on page 313. This type of pump shown in figure 137a is

used extensively in connection with jet and surface condensers,

and vacuum pans, in removing the air and condensate.

The method of calculating the size vacuum pump to iise

in connection with jet and surface condensers has been clearly

shown in Section Two on condensers.

Fig. 137a

Inverted Suction Valve High Vacuum Pump.
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Fig. 137b
Section through Inverted Suction Valve, High Vacuum Pump.

Evaporation in a Vacuum
In sugar factories, as well as chemical plants and other

industries, the modern method employed for concentrating liquors

is by boiling them in a vacuum.

The advantages of evaporating in a vacuum over evaporating
at atmospheric pressure are, first, that in a vacuum all liquids

boil and evaporate at lower temperatures than under atmos

pheric pressure, thus there is a greater difference in temperature
between the heating steam, and the boiling liquid, and con-

sequently a much greater heat transmission.

Liquids that boil at high temperatures can generally not
be evaporated under atmospheric pressure by means of high
steam pressure, since steam would be required- of such high

temperatures and pressures, that its application would be

dangerous. The boiling points of these liquids fall, when

evaporated in "a vacuum, so that steam of moderate pressures

may be used.

The second advantage of boiling in a vacuum is that the

liquid does not become as hot as at atmospheric pressure, and
that also the heating surfaces, since steam of a lower pressure
is used, are kept at a lower temperature. In most industries

evaporating liquids, such as milk, gelatin, albumin etc., it is

necessary in order not to discolor the liquids, that they be evapor-
ated at low temperatures.

The ordinary form of vacuum pan comprises a spherical or

cylindrical vessel, the lower portion of which is steam jacketed,
and fitted with steam heating coils. At the upper portion of the

vessel is a dome, which communicates through an exhaust pipe,

provided with a liquor trap with a condenser, which in turn is

connected with a vacuum pump. The steam. and vapor given
off from a charge of boiling liquor passes along the exhaust pipe
to the condenser where it is condensed. Any liquor that might

AND CONDENSERS FOR EVERY SERVICE
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pass over with the vapor, due to priming, falls in the liquor trap
from which it is returned to the pan.

In order to maintain a vacuum in the pan, it is necessary
to remove the air which enters the condenser from the liquid,

from the cooling water, and through leaks. For this purpose a

vacuum pump is provided, which is connected to the condenser.

Vacuum pans may be arranged to operate on either the dry
or wet system. When the dry system is employed, the pan is

fitted with a barometric condenser, and the vacuum pump
handles only the noncondensable vapors. For this purpose a

dry vacuum pump of the fly wheel type, as shown in figure 91,

is generally used.

There are installations, however, operating on the dry

system, which employ a wet vacuum pump, either of the fly

wheel type, as shown in figure 176 or of the direct acting type,
as shown in figure 137a. In cases of this kind the vacuum pump
handles only the noncondensable vapors, and it is provided with

a small quantity of charging water for sealing the valves. Figure
138 illustrates a vacuum pump with a barometric condenser

operating on the dry system with a direct acting vacuum pump.

The vacuum in the pans operating on the dry system varies

up to 28 ", this factor depending upon the nature of the liquid
to be evaporated.

Vacuum pans operating on the wet system are fitted with

low level jet condensers, and the vacuum pump has to handle

both the condensing water and the noncondensable vapors.
For this service the vacuum pump is of the wet type, as shown
in figure 137a, or of the fly wheel type as shown in figures 176

178. Vacuum pans operating on the wet system generally carry
vacuum of 25" to 26 ".

The displacement of the vacuum pump for use with a

vacuum pan on the wet or dry system is based on the amount
of liquor to be evaporated.

The following figures give the approximate displacement
of the vacuum pump based on the liquor to be evaporated.

Wet System

25 * of vacuum 601
26 "of vacuum 70-1
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The principle upon which the multiple effect pan works is

the well known physical law that the latent heat of vapor is

given off in condensing to a liquid, while the sensible heat

is retained. Hence the employment of either live steam from

the boiler or exhaust steam from the engine for heating the

first pan or effect, and that resulting from the evaporation of

the liquid itself that is introduced into the apparatus for con-

centration for heating the succeeding pans or effects, each effect

after the first thus forming a condenser to the previous one,

and its condensing power regulates the evaporating capacity
of the other.

The principle of operation of a multiple effect evaporator
is clearly shown in figure 139, which illustrates a diagrammat-
ical view of a triple effect evapprator. These pans, which are

cylindrical, are provided with two tube plates, one of which is set

in the lower end of the pan, and the other at about the center

of the pan. The space between the tube plates forms a calandria,

or heating chamber L into which steam is introduced for heating

purposes. G are tubes secured in the tube heads, which form

communication between the upper or lower portions of the pan.
From the diagram it can be seen that the liquid to be evaporated
circulates above and below the tube plates, and through the

tubes, while the steam or heating vapor circulates between the

tube plates, and around the exterior of the tubes. The vacuum

pans No. 1, No. 2 and No. 3 are partially filled with liquor,

thus leaving in the upper part of each a space for receiving the

vapor produced by the evaporation of the liquor. These spaces

are connected by pipes A in the case of the pans No. 1 and No. 2

with the heating space L of the pan next in order, and in that

of the last pan No. 3 with the condenser P, in which the vapors
are condensed, and the air is drawn off by the air pump. The

connecting pipes A between the pans are fitted with traps H
to catch any of the liquor which might pass over with the vapor

through priming, pipes S returning any liquor carried over

from the traps to the pans. The liquor spaces of the calandria

of the three pans are connected together by pipes K. C is the

steam supply pipe to the heating space of the first pan No. 1,

and B is the pipe for charging the first pan with liquor to be

concentrated. T is a pipe which is connected by a suitable

branch to a well in. the bottom of each of the three effects, and by
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means of which any one of the set can be emptied, if desired.

M is a pipe for removing the concentrated syrup from the last

effect No. 3. J is the by-pass pipe connecting the heating space

of the calandria L of the No. 1, No. 2 and No. Span. E. D.

and M. are pipes for removing the condensed steam, or vapor

from the calendria L. N is a by-pass pipe is the No. 3 pan

connecting the tipper part of the calendria L to the upper

part of the pan, for removing the noncondensable vapors.

The operation of the multiple effect evaporator shown is

as follows: The exhaust or waste steam is usually employed
for heating the first effect No. 1. This steam is delivered into

the heating space of the calandria L of part No. 1 where it

circulates around the tubes G, and the condensation is drawn

out through the pipe D,and is delivered to a tank from which it is

returned to the boilers. The steam or vapor given off by the boil-

ing liquor in pan No. 1 passes through pipe A to the heating space

of the calandria L of the second pan No. 2, where it circulates

around the tubes G, and then passes through the pipe J to the

heating space L of the third pan No. 3, and together with the

vapor given off by the boiling liquor in the second pan No. 2,

which also passes to the heating space through the pipe A,

circulates around the tubes G.

The noncondensable vapors are drawn off by the air pump
from the heating space L of the No. 3 pan through the pipe N.

The steam or vapor given off from the boiling liquor in the

third or last pan No. 3 passes through the pipe A to the condenser

P where it is condensed. The condensed steam or vapor and

the condensing water fall through the tail pipe U, while the non-

condensable vapors are withdrawn by the air pump through
the pipe Q. The juice, or liquor passes through the apparatus
from one pan to another through the pipes K, on account of the

difference of vacuum, and the concentrated liquor is withdrawn

from the last effect through the pipe F. by a thick liquor pump.

This apparatus is usually so arranged that it can be also

worked as a double effect, or either pan singly if desired.

When employed as a triple effect evaporator, the first pan
No. 1 generally has a vacuum of three or four inches, and a

temperature of 200 ., the second pan No. 2 generally has

a vacuum of about 14", and a temperature of about 180

I ...... .?.VMf!??f] . .^.^H ff.
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ana tne third pan No. 3 generally has a vacuum of about 26", and

a temperature of about 125 .

It will be seen from this explanation that the effect is largely

self heating, that is, the first pan only is heated by extraneous

means, the latent heat of the vapor from the boiling liquor in

the first pan being utilized to heat the liquor in the next, or

second. The latent heat of the steam from the liquor in the

second to heat that in the third. Not taking into considera-

tion the loss of heat experienced by radiation, a double effect

is twice, and the triplicate effect three times as economical of

steam as the single effect.

Multiple effect evaporators are operated on both the wet

and dry system, the same as vacuum pans, as described on

page 322, and both the wet and dry vacuum pumps are em-

ployed, the type depending upon the installation.

While the displacement of the vacuum pump on a multiple

effect evaporator depends on the number of effects, the figures

given on page 322 may be used for calculating the displacement
of the vacuum pump for multiple effect evaporators based on the

total amount of liquor to be evaporated.

The amount of steam to use with multiple effect evapora-

tors, as well as the quantity of condensing water is given in the

table on page 329.
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Boiling Points of Liquids (Degrees Cent.) at

Atmospheric Pressure, and under various

Degrees of Vacuum

LIQUID



Reduction of Barometer to Sea Level

Mean Temperature of the Air Column 58P.

Calculated from values given by Smithsonian

Meteorological Tables

Elevation in feet
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Low Vacuum Pumps

Low vacuum pumps are mostly usea on vacuum heating

systems. This type of pump illustrated in figure 141a, when
connected to the return pipe of a heating system, insures a

positive circulation of steam throughout the system, and does

away with the annoying cracking or hammering in the pipe

line. This application not only increases the efficiency of the

system, but greatly reduces the cost of operation, and returns

the condensed steam at a high temperature for feeding back

to the boilers.

Fig. 141a
Low Vacuum Pump

Fig. 141b
Section through Vacuum Cylinder of Low Vacuum Pump

AND CONDENSERS FOR EVERT SERVICE
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says that each square foot of direct radiating surface gives off

220-280 heat units per hour, when the difference of temperature

is 150, which is that usually existing in low pressure steam heat-

ing. About two-thirds as much is given off by one square foot

of hot water radiating surface. As the evaporation of one

pound of water requires 966 heat units,there is evaporated about

one-third of a pound of steam for each square foot of steam

radiating surface per hour, hence, one boiler, horse pow.er will

be sufficient to supply somewhat more than one hundred square

feet of direct radiating surface; that is we can consider the

boiler horse power as equal to 100 square feet of direct steam

radiation with sufficient allowance to meet ordinary losses.

In the indirect system of heating provided with blower,

the heater will condense under average conditions one pound
of water per square foot of surface per hour. The boiler capacity

required is usually rated on the supposition that it will need to

supply 1.5 pounds of steam for each square foot of surface in the

radiator per hour, in which case 23 square feet of surface would

be supplied by one boiler horse power.

Size of Pump for Heating System

To determine the size of vacuum pump to use in connection

with the vacuum heating system, it is customary to allow one

pound of condensation for each square foot of direct radiation

per hour, and to make the pump displacement four to five times

this amount, and to take care of both the air and condensate in

the system, the pump should handle this capacity, when oper-

ating at the speed recommended on page 292.

The size of steam cylinder to operate a vacuum pump may be

calculated by assuming the vacuum cylinder works against 15

to 20 pounds pressure and a mechanical efficiency of 50 per-

cent.

Example

Assume we have a vacuum heating system containing

30,000 square feet of direct radiation, and it is desired to find

the size vacuum pump to use. Steam pressure available 100

pounds.

S^c^^^^^a^S^^^^^fM^xxiaD^a^KK^a^x^^^aac^i^Es^^TLxi^S^^naa^^g^^^^^PUMPINGMAGHINER^VAIR^COMPRE^S O RS

338



BATTLE CREEK. MICHIGAN, U. S. A.

Solution

30,000 X 1 =30,000 pounds of steam per hour.

! =60 gallons per minute of'condensation.
8.3X60
Now allow the pump displacement of five to one, the pump

must have a displacement of 5X60, or 300 gallons per minute.

Assuming a piston speed of 100 feet per minute (see page 292 for

speeds recommended for vacuum pumps) by formula 51, page

293, the diameter of the vacuum piston will be

"300

=4.95^- 100

The nearest commercial size is 9" diameter, and the stand-

ard stroke is 12".

Now having the diameter of the vacuum cylinder, we may
calculate the load on the vacuum piston thusly,

Area of 9" piston =63 square inches.

63X20=1260 pounds total pressure.

With the assumed mechanical efficiency of 50%, the load

required on the steam piston will be

1260
=2520 pounds

.50

"and with 100 pounds steam pressure, the diameter of the steam

piston will be

2520
=25.2 Square inches

= Area of 5^ inch piston.

The nearest commercial size is 6 ", so the size of the vacuury

pump is then 6X9X12.
In calculating the size of the steam cylinder to use on a

vacuum pump, the minimum steam pressure to be carried

should be used, and the discharge head, including frictional

losses should be taken into consideration.

For heating systems where the steam pressure runs from 10

to 20 pounds, the steam cylinder of the vacuum pump should

be calculated amply large on account of the fact that the con-

densation is excessive. Electrically driven Pumps are gener-

ally used where the steam pressure is low.

The following table gives the square feet of external radia-

tion for different sizes of pipe.
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Square Feet of Radiating Surface of Pipe

per Lineal Foot

On all lengths over one foot, fractions less than tenths are added to
or dropped.

Size of Pipe

Sp-



|
B A T T L E



The accumulator consists of a vertical cylinder, the upper
end of which is provided with a stuffing box through which a

plunger or ram works. This ram carries a platen loaded with

heavy weights, which are equivalent to the area of the ram or

plunger multiplied by the water pressure.

Figure 143 illustrates an accumulator and a hydraulic

pump. The governing device which operates the pump is so

arranged that the pump will maintain the ram at its highest

position. The steam line to the pump is fitted with a butter-

fly valve, which is operated by a bal-

anced lever. When the ram reaches its

highest position, it trips the weight W,
which isconnected to the chronometer valve,

and stops the pump. When the demand
for water increases, the ram descends, and
with it the weight W, starting up the pump.

Deep Well Pumps

Figure 144 illustrates the type of pump
used for non-flowing artesian, tubular, or

bored wells, and for dug or driven wells,

where the water does not rise to a sufficient

height for the ordinary suction pump.

The working barrel connected to the well

engine consists of a bronze cylinder fitted

with a cup leather plunger, and ball valves.

The cylinder, which is single acting, is con-

nected to the engine bed by means of a drop

pipe, the flange of which is bolted to the

discharge box. The plunger is generally
driven by means of wooden rods made up
in sections coupled together.

When the deep well pump discharges into

an elevated tank, in order to secure uni-

form discharge from the well, a displace-

ment plunger is generally used, which

works through a stuffiing box. The dis-

placement plunger should be made one-

Fig. 144 natf tne area f tne weH plunger to

Deep Well Pump. secure uniform discharge.
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Milk Pumps

For handling milk and other liquid food products, it is

imperative that a strictly sanitary type .of pump should be used,

figure 145a illustrates a direct acting milk pump. Figure

145b shows the construction of the liquor end.

Fig. 145a

Sanitary Pump.

Fig. 145b

Section of Milk End of Sanitary Pump.

The milk end is a straight, smooth, tubular cylinder with

no hidden parts, or inaccessible corners. The outer head is

removable by turning four thumb nuts. The liquor piston,

which is cast in the form of the letter H is machined to fit

the bore of the cylinder. The ports are machined through the

sides of the piston, and over each part is mounted a round flat-

faced hinged valve. If it is desired to remove the valves, it is

only necessary to remove the pins on which they swing.

This pump is so constructed that it can be thoroughly
cleaned in a few minuces time, as it is only necessary to remove

one bolt from the crosshead. The entire assembled piston and

valves can then be removed, and immersed in water.

AND CONDENSERS FOR EVERY SERVICE
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Magma Pumps

This type of pump is designed for handling thick and

heavy liquids, such as massecuite, etc. The liquor cylinder is

made without suction valves, and the material flows by gravity
into the cylinder through a rectangular port.

The discharge takes place at both ends of the cylinder

through large flat faced valves, having free opening seats.

These valves are located on the side of the cylinder, and they are

easily accessible by the removal of the hand plates.

Figure 146a illustrates the direct acting magma pump,
and figure 146b shows the construction of the liquor cylinder.

Fig. 146a

Magma Pump.

Fig. 146b

Section through Magma Cylinder..

Oil Pumps

Direct acting pumps are extensively used for handling oil.

For pipe line work, the pot valve plunger pump is generally

used, as the friction head which this class of pump operates

against is generally around 500 to 1000 Ibs. per square inch.

In oil refineries, etc., for handling cold oil, the piston or

plunger pump is used. For this service, the pump is generally
brass fitted, and the piston packed pump is fitted with ring

packing, or cup leathers, as illustrated on page 312.
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Data Required for Estimates for Direct Acting
Steam Pumps

When sending for estimates, please answer the following

questions :

1 . For what purpose is pump to be used ?

2 . (a) Capacity of pump in U. S. gallons per minute ?

(b) If the pump is for vacuum service, give the number
of square feet of radiation, or the number of cubic feet displace-

ment per minute required?

(c) If the pump is for use with a condenser, give the

number of pounds of steam per hour to be condensed, temperature
of condensing water, the vacuum to be carried and the type of

condenser ?

(d) If pump is for evaporator, give the nature of the

liquid to be evaporated, the quantity of liquor to be evaporated

per hour, the temperature of the condensing water, the vacuum
under which the liquid is to be evaporated, and the number of

the effects in the evaporator?
3. Total lift, including suction, discharge, lift, and pipe

friction in feet?

4. Length and diameter of the suction pipe?

5 . Vertical distance from water level to pump in feet ?

6. Number and size of elbows in suction pipe?
7. Length and diameter of discharge pipe?
8. Vertical distance above pump, or against what pressure

is liquid to be discharged?
9 . Number and size of elbows in discharge pipe ?

10 . Number and diameter of valves in discharge pipe ?

11. Temperature of liquid in degrees Fah. ?

12. Specific gravity of liquid?

13. Nature of liquid to be handled: fresh water, salt water,

acidulous, alkaline, gritty, etc.?

14. What is the lowest steam pressure to be used at the

pump?
15. (a) Will pump exhaust into the atmosphere?

(b) Will pump exhaust into a heater? (State whether

open or closed).

16. What pressure will pump exhaust against.''

17. If pump is to operate condensing, give the vacuum to

be carried on the condenser ?

18. Where is pump to be located, on the surface, or under-

ground ?
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Data Required for Estimates forDeep Well

Pumping Engines
When sending for estimates, please answer the following

questions :

1. What is the entire depth of well?

2. What is the inside diameter of casing?

3 . If boring is reduced, state at what depth and to what

diameter? . -

cased with. inside diameter casing to a depth
of ..feet; balance of well cased with

inside diameter casing.

4. Depth from surface to water level when not pumping

5 . Capacity of well when pumped ....gallons per minute.

6 . Depth from surface to water level when pumped at this

capacity ..

7. Style and capacity of pump used

8. Elevation above surface to which water is to be raised

9 . Horizontal distance from well to tank.

10. Steam pressure carried at boiler

1 1 . How far from well is boiler located ?....

12. What is the lowest steam pressure you want pump to

operate with? _

13. How many gallons of water do you require per hour?

14. Have you a water cylinder already in well?,

and at what depth?...

15. If so, what is the diameter?.

Length of stroke ?
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Burnham Horizontal Piston

Pattern Boiler Feed or

Pressure Pumps

In the sizes listed below, 14x8x12 and smaller are suitable for a Maximum Working Pres-
sure of 250 Pounds of Steam and Water. Larger sizes are suitable for a Maximum Work-
ng Pressure of 150 Pounds Steam and Water.

Size of Pump
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Burnnam Vertical Piston Pattern
Boiler Feed or Pressure Pumps

300 Pounds Maximum Steam and Water Pressure

Fig. 112a

Size ot Fump
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Fig. 113

Burnham Automatic Feed Pumps
and Receivers

250 pounds Maximum Steam and Water Pressure
Receivers suitable for 150 Pounds Maximum Pressure

Size of Pump



Union Vertical Duplex Piston Pattern Boiler
Feed or Pressure Pumps

200 pounds Maximum Steam and Water Pressures
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Union Duplex Oil Pumps
Separate-Chest Pattern.

200 Pounds Maximum Steam and Oil Pressure.

Size of Pump



Burnham Horizontal Outside
Center-Packed Plunger Pumps

Fig. 105a.

250 Pounds Max-
imum Steam and
Water Pressures

Size of Pump
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Burnham Horizontal Outside End Packed

Plunger Pumps

In the sizes listed below, the 14x8x 12 and smaller are suitable for a
Maximum Working Pressure of 250 Pounds Steam and Water. Larger
size sare suitable for a Maximum Working Pressure of -150 Pounds Steam
and Water.

Size of Pump
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Burnham Compound Steam Pumps

Fig. 117.

Heavy Service Piston Pattern

250 Pounds Maximum Steam and Water Pressures for first five sizes.

200 Pounds Maximum Steam, 150 Pounds Maximum Water Pressures larger

Size of Pump
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Burnham Compound Steam Pumps
Light Service Piston Pattern.

Pig. 149

200 Pounds Max-
imum Steam Pres-

sure, 100 Pounds
Maximum Water
Pressure, 12 inch
stroke and smaller,
75 Ibs. Maximum.
Water Pressure for

larger sizes.

Size of Pump



Fig. 150

Burnham Compound Steam Pumps
Outside-Center-Packed Plunger Pattern

200 Pounds Maximum Steam Pressure, 250 Pounds Maximum Water
Pressure.

Size of Pump



Fig. 151

Burnham Compound Steam Pumps
Outside End-Packed Plunger Pattern

250 Pounds Maximum Steam and Water Pressures for 12 inch stroke

pumps, 150 Pounds Maximum Steam and Water Pressures for larger sizes

Size of Pump



Burnham Compound Steam Pumps
Outside End-Packed Pot Valve Plunger Pattern

250 Pounds Max-
imum Steam, and
Water Pressures.

Fig. 152

Size of Pump



Burnham Horizontal Light-Servica Piston Pumps

200 Pounds Maximum Steam Pressure, 100 Pounds Maximum Water
Pressure.

Size of Pump



Burham Horizontal Light-Service
Piston Pumps

200 Pounds Maxi-
mum Steam Pressure,
7 5 Pounds Maximum
Water Pressure.

Size of Pump



i UNION



B ATTLE



c



Burnham Horizontal Mine Pumps (Fig. 135)

200 Pounds Maximum Steam Pressure, 150 PoundsMaximum Water
Pressure.

Size of Pump



Fig. 141a
Low Vacuum Pump

Burnham Horizontal Low Vacuum Pumps
Standard Pattern Cast-Yoke Pumps

200 Pounds Maximum Steam Pressure, 20 inch Vacuum with 30 inch
Barometer.

Size of Pump
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Burnham Horizontal Low Vacuum Pumps
(Continued)

Standard Pattern Cast-Yoke Pumps
200 Pounds Maximum Steam Pressure, 20 inch Vacuum with 30 inch

Barometer.

Size of Pump
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Burnham Horizontal Low Vacuum Pumps
Standard Pattern Rod-Yoke Pumps

200 Pounds Maximum Steam Pressure, 20 inch Vacuum with 30 inch
Barometer.

Size of Pump
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Burnham Horizontal High Vacuum Pumps
(Continued)

Standard Pattern Cast-Yoke Pumps
200 Pounds Maximum Steam Pressure, 26 inch Vacuum with 30

inch Barometer.

Size of Pump
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Fig. 137 a

Burnham Horizontal High-Vacuum Pumps
Inverted Suction-Valve Design

200 Pounds Maximum Steam Pressure, 28 inch Vacuum with 30 inch
Barometer.

Size of Pump



Burnham Vertical Vacuum Pumps

Burnham Vertical High
Vacuum Pumps. 200
Pounds Maximum Steam
Pressure, 26 inch Vacuum
with 30 inch Barometer.

Fig. 156

Size of Pump
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Burnham Hydraulic- Pressure Pumps
With Cast-Iron Water Cylinders

200 Pounds Maximum Steam Pressure,
Water Pressure.

2000 Pounds Maximum

Size of Pump Diameter of Pipe Ratings



Fig. Ilia

Burnham Hydraulic-Pressure Pumps
With Forged-Steel Water Cylinder

200 Pounds Maximum Steam Pressure, 5000 Pounds Maximum Water
Pressure.

Size of Pump Diameter Pipe Openings Ratings

Diameter

of

Steam

Cylinder
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Burnham Air Compressors Continued

200 Pounds Maximum Steam Pressure

Size of Compresso
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Burnham Deep-Well Pumping Engines
150 Pounds Maximum Steam Pressure

Size of Engine
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Burnham Magma Pumps

200 Pounds Maximum Steam Pressure. 75 Pounds Maximum Liquid Pressure

Size of Pump Size of Openings Ratings
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Power Pumps

and

Crank and Fly-
wheel Pumps

SECTION SIX
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Power Pumps and Crank and Fly Wheel Pumps
Pumps operated through the medium of a crank and con-

necting rod are classified as Power Pumps, and Crank and Fly
Wheel Pumps.

Power Pumps
Power Pumps, as the name indicates are generally operated

by the application of power on the crank, which is transmitted

through the connecting rod, and crosshead to the water piston
or plunger.

Power Pumps are classified with respect to the power and,

according to the number of cranks into single, duplex, and tri-

plex.

Fig. 158

Single Belt Driven
Piston Pump.

Fig. 206.

Duplex Belt-

Driven

Piston ,Pump.

Fig. 160

Triplex Belt

Driven

Plunger Pump.

PUMPING MACHINERY AIR COMPRESSORS
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Power Pumps are employed in localities where the con-

ditions are such that it is more practical to operate a pump
by belt or electricity, than to use a steam driven direct acting

pump.

Belt Driven Power Pumps are generally back-geared with

one reduction of gearing, the gears have cut teeth^
and the

pinion is sometimes made of raw hide to reduce the noise.

Fig. 161

Plain Belt Driven
Vacuum Pump.

Belt Driven Pumps are divided into two types viz. the

plain belt drive, and the short belt drive. The former, which
is illustrated in figure 161 is operated by its motive power
placed at a sufficient distance from same (usually three times
the diameter of the driven pulley) to insure a liberal arc of con-
tact on the driving pulley.

Fig. 162

Belt Driven Vacuum Pump Short Belt Drive.

The short belt drive figure 162 consists of a belt tightener
placed on the upper side (the slack side) of the belt, which in-

creases the arc of contact on the driving and driven pulley, and
makes it possible to place the pump, and motive power very
close together. This type of drive is very compact, and is be-

ing used extensively.

AND CONDENSERS FOR EVERY SERVICE
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Fig. 163

Electric Gear Driven

Piston Pump

Electric gear driven power pumps are usually backgeared
with two reductions of gearing. The gears have cut teeth, and
the motor pinion, and sometimes the gear-shaft pinion is made
of raw hide to reduce the noise.

The type of drive to employ is purely a problem for the
user to solve, as the local conditions are the determining factor.

The belt drive is the most practical type of drive for the reasons

that it operates with a minimum amount of noise, and if a sud-

denly applied shock or excess pressure is put on the water end,
it will either throw the belt or cause it to slip without injuring
the pump.

The belt drive is recommended for all installations where
noise is obectionable. There are localities where the electric

gear driven pump is the only type to use. For instance, in

mines and facturies, where noise is not objectionable, and where
on account of the moisture, etc.

,
it is not practical to use the

belt drive.

The chief advantage of the electric gear drive is that it is

very compact.
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Crank and Flywheel Pumps,

Crank and flywhesl pumps are generally steam driven,

and the power is applied through the steam piston and piston
rod to the water piston or plunger, the reciprocating action of

which is transmitted through the crosshead, and connecting rod

to the crank. In this type of pump the fly wheels store up the

energy during the first half of the stroke, in order to replenish
it during the remainder of the stroke, with the result that the

steam may be used expansively.

Crank and flywheel pumps are classified with respect to

the power end, according to the number of cranks into single
and duplex pumps.

Fig. 91

Single Crank and Flywheel
Dry Vacuum Pump,

Fig. 164

Duplex Crank and

Flywheel
Wet Vacuum Pump

The crank and flywheel pump, on account of being able to

use the steam extensively, is used where economy is of prime
importance.

Power pumps and crank and flywheel pumps are classified

with respect to the type of water end into piston and plunger
pumps.

AND CONDENSERS FOR EVERY SERVICE
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Water End Classification

The different types of water ends employed on power and
crank and fly wheel pumps shown herein, the manner of fitting

same for different classes of service, and in fact all information

respecting the water end of the pump is given in Section Five.

Efficiency

In calculating the horse power required to operate . power
pumps it is necessary to take into consideration the efficiency of

the pump.
The efficiency E is the ratio of the water horse power to

the brake horse power. That is

Water Horse Power

Brake Horse Power

The efficiency of power pumps varies with conditions of oper-

ation, and this factor is obtained only from actual test.

The following table gives the mechanical efficiency of power
pumps, and for calculating purposes it is advisable to multiply
these figures by 90% in order to take care of any unforeseen

losses.

Size of Pump Efficiency
4" stroke

5"
6" "

8" "

10" "

12" "

16" "

20" "

Calculating the Horse Power to Operate Power Pressure Pump:;
To calculate the horse power required to operate a power

pump the theoretical horse power is first determined.
To calculate the theoretical horse power multiply the weight

of the liquid to be pumped per minute in pounds by the total head
in feet that it is to be pumped, and divide this result by 33000.

This gives the following formula:

T , TT p Wt. liquid per minute in pounds x head in feet

33,000

If the liquid to be pumped is water, then the formula for

horse power to operate the power pump becomes

WxH
33,000 xE

Where W=Weight of liquid pumped per minute in pounds.
H=-The total head in feet.

E=The efficiency of the pump.
For a pump handling water

H. P. --H xG
(61)

ll/
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STEAM PUMP COMPANY

Fig. 165

Belt Driven Pump

Fig. 166

Motor Driven Pump

Single Piston Pattern Light Service Pumps
75 Pounds Maximum Pressure



Fig. 167

Belt Driven Pump

Fig. 168

Motor Driven Pump

Standard Pattern Wet Vacuum Pumps
Maximum Vacuum 26 " with 30 " Barometer



I UNION STEAM PUMP COMPANY

Fig. 93

Single Belt-Driven Dry-Vacuum Pumps
28>i"-29" Vacuum, 30 " Barometer

Air
Cylinder
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STEAM PUMP COMPANY

Fig. 207.

Single Power Pumps
Self-Oiling Type

231 Feet Maximum Pressure.



REEK MICHIGAN U. S. A.

Fig. 206.

Belt-Driven Pump.

Duplex Power Pumps
Self-Oiling Type

Size



Fig. 208.

Union Duplex Power Pumps

Oil Line Pumps
Self-Oiling Type

Size



BATTLE CREEK. MICHIGAN, U. S. A. 1

Fig. 185

Union Duplex Power Cargo

Oil Pumps

Sbe of Pump



UNION J-_ .* _A1.1A*A**J

S TEAM PUMP COM PANY

Fig. 173

Duplex Belt Driven Enclosed Type Dry
Vacuum Pumps

28% "-29" Vacuum 30 " Barometer

Air
Cylinders



Fig. 160

Triplex Belt Driven Plunger Pumps
2000 Pounds Maximum Pressure



Fig. 174

Triplex High Pressure Milk Pumps

A special type of Triplex Power Pump for Spraying or Atomizing Con-

densed Milk in the manufacture of Dry or Powdered Milk.

Table of Capacities, Pressures* etc.

Size



Fig. 209.

The Viscolizer

The Viscolizer is a specially designed, powerfully constructed triplex pump
used in the manufacture and processing of liquid and semi-liquid foods, med-
icine, drugs and oil emulsions. The possibility of storing and marketing
evaporated milk is due entirely to the ability of this machine to prevent
separation of the butter fat from the milk.

In salad dressings and medicines or other oil emulsions of similar character
the oil is so thoroughly mixed with the water by being forced under high
pressures through the specially constructed emulsifying device that it will

not separate and can therefore be marketed to advantage.

The process is relatively new and requires primarily a sturdy pump
which will maintain even pressures in the emulsifying device. These re-

quisites are best met by the triplex design and especially by that shown in

figure 209.

Sizes, Capacities and Installation Data



STEAM PUMP COMPANY

Fig. 176

Single Crank and Flywheel Wet Vacuum Pumps
28 "

Vacuum, with 30" Barometer



Fig. 91

Single Crank and Flywheel Dry Vacuum Pumps
28% "-29" Vacuum 30 " Barometer

SIZE OF
PUMP



Fig. 177

Single Crank and Flywheel Syrup Pumps

Size of Pump



Fig. 164

Duplex Crank and Flywheel Wet Vacuum Pumps
28" Vacuum, with 30 " Barometer

Size of Pump
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Properties of Saturated Steam Continued
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BATTLE CREEK

Extra Strong Pipe Black and Galvanized
All Weights and Dimensions are Nominal

Size



UNION STEAM PUMP COMPANY

Contents of Round Tanks in U. S. Gallons,
for Each Foot in Depth

Dia-
meter
Ft. In.
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MICH I GAN . U. S. A.

Horse Power of an Engine
a = Area of the piston in square inches.

p = Mean effective pressure of the steam on the piston per square inch.

v = Velocity of piston per minute.
a X p X v

Then H. P. = -
'

33,000
The mean pressure in the cylinder when cutting off at

\i stroke = bo er pressure multiplied by .597

lA
" = '

.670

.743

V2 " = ,847

.919

.937

.966

.992

To find the diameter of a cylinder of an engine of a required nominal horse-

power:
5500

multiplied by H. P. = a.

Ranges in Steam Consumption by Prime Movers

Type Engine
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Different Standards for Wire Gauge in Use
in the United States

Dimensions of sizes in Decimal Parts of an Inch

Number

of

Wire

Gauge



Logarithms of Numbers from to 1000

No.



Logarithms of Numbers, from to 1000
Continued



Natural Trigonometrical Functions



Natural Trigonometrical Functions Continued
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Useful Information Comparison of
Thermometers

Cent
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UNION STEAM PUMP

Decimal Equivalents of Millimeters

and Fractions of Millimeters

TU mm. =.0003937"

mm.



Circumferences and Areas of Circles

Advancing by Eighths

Diam.



Circumferences and Areas of Circles Continued

Diam.





Circumferences and Areas of Circles Continued

Diam.
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BATTLE CREEK. MICHIGAN. U. S. A.

Mensuration of Surfaces and Volumes

Area of rectangle = length X breadth.

Area of triangle = base X YT. perpendicular height.
Diameter of circle = radius X 2.

Circumference of circle = diameter X 3.1416
Area of circle = square of diameter X .7854.

Area of sector of circle = area of circle X number of degrees in arc.

360
Area of surface of cylinder = circumference X length + area of two ends.

To find the diameter of circle having given area: Divide the area by .7854, and
extract the square root.

To find the volume of a cylinder: Multiply the area of
_

the section in square
inches by the length in inches = the volume in cubic inches. Cubic inches
divided by 1728 = volume in cubic feet.

Surface of a sphere = square of diameter X 3.1416

Solidity of a sphere = cube of diameter X .5236.

Side of an inscribed cube = radius of a sphere X 1.1547.

Area of the base of a pyramid or cone, whether round, square or triangular,

multiplied by one-third of its height = the solidity.
Diam. X .8862 = side of an equal square.
Diam. X .7071 = side of an inscribed square.
Fadius X 6.2832 = circumference.
Circumference = 3.5446 X V Area of circle.

Diameter = 1.1283 X V Area of circle.

Length of arc = No. of degrees X .017453 radius.

Degrees in arc whose length equals radius = 57 2958'.

Length of an arc of 1 = radius X .017543.

Length of an arc of 1 Min. = radius X .0002909.

Length of an arc of 1 Sec. = radius X .0000048.
= Proportion of circumference to diameter = 3.1415926.

2 = 9.8696044.

V = 1.7724538.

Log. = 0.49715.

I/ = 0.31831.

1/360 = .002778.

360/ * = 114.59.
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Mensuration of Surfaces and Volumes Continued

Lineal feet . . . .

"
yards. .

Square inches . .

feet . . .

yards . .

Acres
Cubic inches . .

"
feet...

Circular inches

Cyl. inches. . . .

"
feet.....

Links . .

Feet
Width in chains
183346 circular inches .

2200 cylindrical inches

Cubic feet
"

inches
U.S. Gallons..

Cubic feet

inches ....

Cyl. feet of water
Lbs. Avoir. . .

Cubic feet of water
inch of water

Cyl. feet water ".

" inch of water
12 U. S. gallons of water

240 U. S. gallons of water
1 . 8 cubic feet of water

35 . 88 cubic feet of water
Column of water, 12 inches high, and

1 inch in diameter
U. S. bushel. .

.00019

.0006

.007

.111

.0002067
4840.

.00058

.03704

.00546

.0004546

.02909

.22

.66
1.5
8.

7.48
. 004329
. 13367

231.
.8036
.000468

6
.009
.00045

62.5
.03617

49.1
. 02842

X .0495

X 1.2446
X 2150.42

Miles

Square feet,

yards
Acres.

Square yards.
Cubic feet

yards
Square feet

Cubic feet
"

yards
Yards
Feet
Links
Acres per mile
1 square foot
1 cubic foot

ILS. gallons

Cubic feet
"

inches
U. S. bushel

U. S. gallons
Cwt. (112)
Tons (2240)
Lbs. Avoir.

1 cwt.
1 ton
1 cwt.
1 ton

.341 Lbs.
Cubic yards.

feet

Cubic Inches

I PUMPING MAC HINER.Y, AIR COMPRESSORS Jaaggiui^oL*iPuaaBBttw*fftfBBiiiftfgitfBWiilnrireB^



Comparative Table of the United States and
Metric Systems

Denomination Equivalent
One grain equals in grammes . 0648
One pound avoirdupois equals in kilogrammes . 4536
One ton of 2240 pounds equals in tonnes 1 .0160

One ton of 2000 pounds equals in tonnes 0.9071
One inch equals in millimetres 25 .400

One foot equals in metres . 3048
One mile equals in kilometres 1.6094
One square inch equals in square millimetres . . 645 . 2

One square foot equals in square metres . 09291
One acre equals in ares (100 square metres) 40.47
One square mile equals in square kilometres 2 . 590
One cubic inch equals in cubic centimetres 16.39
One cubic foot equals in cubic metres 0. 02832
One cubic yard equals in cubic metres . 7646
One quart dry measure equals in litres 1.101
One quart liquid or wine measure equals in litres ... . 9465
One foot pound equals in kilogrammetres . 1383
One pound per foot equals in kilogrammes per metre 1 .488
One thousand pounds per square inch equals in kilo-

grammes per square millimetres . 703
One pound per square foot equals in kilogrammes per

square metre 4 . 882
One pound per cubic foot equals in kilogrammes per

cubic metre 16 . 02
One degree Fahrenheit equals in degrees Centigrade. 0.5556

Comparative Table of the United States and
Metric Systems

Denomination Equivalent
One gramme equals in grains 15 . 433
Dne kilogramme equals in pounds avoirdupois 2 . 2047
One tonne equals in tons of 2240 pounds . 9843
Dne tonne equals in tons of 2000 pounds 1 . 1024
One millimetre equals in inches . 0394
One metre equals in feet 3 . 2807
One kilometre equals in miles . 6213
One square millimetre equals in square inches 0.00155

CON^D^N SJSRS ^
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Weight and Specific Gravity of Metals (Kent)
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Various Tables Showing Weights of Materials

Weight Per Bushel of Different Grains, Etc.

Barley 48 pounds
Beans 63 pounds
Buckwheat 46 pounds
Blue Grass Seed 14 pounds
Corn 56 pounds
Corn Meal 50 pounds
Clover Seed 60 pounds
Dried Apples 22 pounds
Dried Peaches 33 pounds

Flax Seed 56 pounds
Hemp Seed 48 pounds
Oats 32 pounds
Peas 64 pounds
Rye 56 pounds
Salt , 80 pounds
Timothy Seed 45 pounds
Wheat 60 pounds
Potatoes (heaped) 60 pounds

Weight Per Barrel of, Different Articles

Flour 196 pounds Fish 200pounds
Salt 280 pounds Soap 256 pounds
Beef 200 pounds Cement 300 pounds
Pork 200 pounds |

56 pounds of butter equals 1 firkin

100 pounds of meal or flour equals 1 sack
100 pounds of grain or flour equals 1 central

100 pounds of dry fish equals I quintal
100 pounds of nails equals 1 cask

Miscellaneous A rticles

One ton of (2240 pounds) cured hay equals 425 cubic feet

One ton of hay in mow equals 414.37 cubic feet, or a cube of 7>^ ft

Hay, as usually delivered 5 pounds per cubic foot

Hay, well pressed 8 pounds per cubic foot

Straw, loose 3*4 pounds per cubic foot

Straw, well pi'essed 5^ pounds per cubic foot

One gallon of water (U. S.) 8.33 pounds
One gallon of oil 7V\ pounds
One gallon of molasses . . . 11% pounds
One gallon of alcohol 6.9 pounds
One gallon of spirits of turpentine 7.31 pounds
One keg of powder 25 pounds

Weights, in Pounds, of Various Articles

As rated by Railway Companies, when their weights
cannot otherwise be ascertained

Ashes, pot or pearl barrel, 450 pounds
Apples and barreled fruits barrel, 200 pounds
Apples bushel, 50 pounds
Barley .bushel, 45 pounds
Beef, pork, bacon

]
f hhd., 1000 pounds

Butter, tallow, lard f per
-j

bbl., 333 pounds
Salt fish and meat . . .

J [ firkin, 100 pounds
Bran, feed, shipstuffs, oats bushel, 35 pounds
Buckwheat bushel, 48 pounds
Bricks, common '

each 5 pounds
Bark cord, 2000 pounds
Charcoal bushel, 22 pounds
Colce and cake meal .* bushel, 40 pounds
Clover seed bushel, 62 pounds
Eggs barrel, 200 pounds
Fish and salt meat per firkin, 100 pounds
Flour and meal per bushel, 56 pounds; barrel, 216 pounds
Grain and seeds, not stated bushel, 60 pounds
Hides, green each, 85 pounds
Hides, dry, salted or Spanish each, 33 pounds
[ce, coal, lime bushel, 80 pounds
Liquors, malt and distilled barrel, 30 pounds
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Weights, in Pounds, of Various Articles-

Continued
Liquors per gallon, 10 pounds
Lumber pine, poplar, hemlock foot B. M., 4 pounds
Lumber oak, walnut, cherry, ash foot, B. M., 5 pounds
Nails and spikes keg, 106 pounds
Onions, wheat, potatoes bushel, 60 pounds
Oysters per bushel, 100 pounds; per 1000, 350 pounds
Plastering lath per 1000, 600 pounds
Rosin, tar, turpentine barrel, 300 pounds
Sand, gravel, etc ^ per cubic foot, 150 pounds
Shingles , per 1000, short 900 pounds, long, 1400 pounds
Salt : bushel 70 pounds
Stone, undressed , perch, 4000 pounds
Stone, dressed per cubic foot, 180 pounds
Timothy and light grass seed bushel, 40 pounds
Wood hickory cord, 4500 pounds
Wood oak cord, 3500 pounds

WEIGHT OF ONE CUBIC FOOT OF PURE WATER
At 32 F. (freezing point) 62 . 418 pounds
At 39. 1 F. (maximum density) 62 . 425 pounds
At 62 F. (standard temperature) 62 . 355 pounds
At 212 F. (boiling point, under 1 atmosphere) 59 . 76 pounds
American gallon equals 231 cubic inches of water at 62 F. equals 8 . 3356 pounds
British gallon equals 277.274 cubic inches of water at 62 F. equals 10 pounds

Weight and Specific Gravity of Liquids

Liquids at 32 F.
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Circular and Angular Measure
60 seconds (")

= 1 minute (')

60 minutes = 1 degree ()
360 degrees = 1 circumference (C)

Cubic Measure
1728 cubic inches = 1 cubic, or solid foot.

27 cubic feet = 1 cubic, or solid yard.
A pile of wood cut 4 feet long, piled 4 feet high, 8 feet long = 128 cubic

feet = 1 cord.

A porch of stone = 16>< feet long, by 1 foot high, by 1^ feet thick = 24^
cubic feet.

A perch of stone = 22 cubic feet in Philadelphia.
A perch of stone = 16> cubic feet in some New England States.

The perch is so variable in different localities that it should never be used
in making a contract unless the contents in cubic feet be specified.

A ton (2240 pounds) of Pennsylvania anthracite, when broken for domestic
use, occupies from 41 to 43 cubic feet of space, the mean of which is equal to
1 . 556 cubic yards, or a cube of 3.476 feet on each edge.

A ton (2240 pounds) of bituminous coal equals 44 to 48 cubic feet, mean
equal to 1.704 cubic yards; or a cube of 3.583 feet on each edge.

A ton (2240 pounds) of coke = 80 cubic feet.

A cubic foot is equal to .1728 cubic inchesA cubic foot is equal to 0.037037 cubic yardsA cubic foot is equal to . . 0.803564 U. S. struck bushel of 2150.42 cubic inchesA cubic foot is equal to 32 1426 U S pecksA cubic foot is equal to 7.48052 U. S. liquid grilons of 231 cubic inchesA cubic foot is equal to ... 6.42851 U. S. dry gallons of 268.8025 cubic inchesA cubic foot is equal to 29.922C8 U. S. liquid quartsA cubic foot is equal to 25.71405 U. S. dry quartsA cubic foot is equal to 59.84416 U. S. liquid pintsA cubic foot is equal to. . .- 51 .42809 U. S. dry pintsA cubic foot is equal to 239 . 37662 U. S. gillsA cubic foot is equal to 0.26667 flour barrel of 3 struck bushels
A cubic foot is equal to. 0. 23748 U. S. liquid barrel of 31# gallons

A cubic yard is equal to 7 . 2 flour barrels of 3 struck bushels each.
A ton in computing the tonnage of a ship or other vessel is 100 cubic

feet of their internal space.
A ton in computing freight on ships is taken at 40 cubic feet or 2240

pounds, at the ship's option.

Dry Measure

Edge of a cube of

equal capacity
2 pints = 1 quart 4.066 inches
4 quarts = 1 gallon = 8 pints 6.454 inches
2 gallons = 1 peck = 16 pints 8. 131 inches
4 pecks = 1 bushel (struck) = 64 pints =32 quarts = 8 gallons ... 12 . 908 inchesA gallon dry measure = 268 . 8 cubic inches.

A bushel dry meaure (same as British Winchester struck bushel) =2150.42
cubic inches, or 77.63 pounds avoirdupois of pure water at its maximum
density.

The dimensions of a bushel by law are 18>^ inches inner diameter, 19K
inches outer diameter, and 8 inches deep; and when heaped,the cone is not to
be less than 6 inches high, which makes a heaped bushel equal to 1M struck
bushels, or to 1 . 56 cubic feet.

A struck bushel = 1.24 cubic feet.
The dry flour barrel = 3 . 75 cubic feet = 3 struck bushels. The dry barrel

is not however, a legalized measure.
36 heaped bushels = 1 chaldron.
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Table of Degrees Brix

Per Cent. Sugar (Degrees Balling.'s or Brix) with Corresponding

Specific Gravity and Degrees Baume. Temperature 60 F.

Per Cent



Pumps for the

Oil Industry

/IL





B A TT L E CREEK. MICSJLGAN , U. S. A.

Petroleum Fields

The American Petroleum industry may be said to have

had its inception from the date of the drilling of the first well

in 1859. Prior to this date, petroleum had been obtained in

small quantities from brine wells in Pennsylvania, and from

the distillation of coal.

The Petroleum fields of importance in the United States

may be listed as follows:

Appalachian
Lima Indiana

Illinois

Mid-Continent

Central and Northern Texas

West Texas

Louisiana

Gulf Coast

Wyoming
California.

Chemical Properties of Petroleum

Petroleum is a mixture of chemical compounds of carbon

and hydrogen called hydrocarbons with small amounts of

sulphur, nitrogen and oxygen. These last three usually exist

as derivatives of the hydrocarbons, and are regarded as im-

purities. Hydrogen sulphide, water and earthy matter are

often present in addition.

The elements carbon and hydrogen of which all hydro-
carbons are composed, possess widely different properties.

Carbon which is one of the most widely distributed elements

is the principal component of all organic compounds. Hydro-

gen is a colorless, odorless, inflamable gas and is the lightest

substance known.
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The two methods employed in refining petroleum are

straight distillation which separates the compounds of different

boiling points from each other but does not break them up, and

cracking which decomposes or breaks up the oil by heating it

to a high temperature.

The demand for gasoline has long since exceeded the avail-

able supply contained in the crude oil, and a very important part

of the refining practice today consists in augmenting the natural

supply of light hydrocarbons by -processes of decomposing the

heavier oils by heat treatment and thereby obtaining increased

quantities of motor fuel.

Straight Distillation

The crude is first distilled by direct firing with the aid of

open steam sprays in the still. As the oil is heated in the still,

those portions of low boiling points vaporize and are led through

condensing coils to a so-called "look box." Here the stream is

under observation of the still man who, by means of samples,

keeps in touch with the operation. As the temperature of the

oil in the still rises, fractions of high boiling points and higher

gravity are vaporized and condensed, and flow through the look

box. The look box. is connected to a manifold leading to the

receiving tanks, one or more tanks being provided for each "cut"

or product desired from the distillation.

The cuts or separations resulting from the first distillation

of a paraffin base crude will run about as follows:

Crude Naphtha start .54 Baume
Kerosene Distillate 54-50 Baume
Crude Kerosene 50-38 Baume
Gas Oil 38-35 Baume
Wax Distillate 35 Baume

The crude naphtha or first cut is the base of commercial

naphthas and gasoline. The distillate will cont'ain hydrocar-
bons of higher boiling points than are allowable in gasoline.

Further distillation is therefore required, and this is carried out

in steam stills with dephlegmating towers so the lighter consti-

tuents of the crude naphtha can escape. In this distillate 75

to 80% of the charge will pass over as commercial grades of

gasoline. The residual which is naphtha bottoms is further

distilled with kerosene stocks.
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The kerosene distillate, like the, naphtha cut, contains pro-

ducts which are more homogeneous. The distillate is treated

in steam stills as before and run down to the desired flash point.

The distillate which is carried over is put into the crude naphtha
cut from the crude oil distillation for further handling.

The crude kerosene from the still and naphtha bottoms are

then treated and represent various grades of kerosene oils.

Gas oil is usually marketed as obtained from the crude fire

still. It is sometimes blended with heavier oils for producing
certain grades of fuel oil. It is also used in the cracking pro-
cesses. The wax distillate which is taken from the crude still

contains many compounds of the solid paraffin series and aho
valuable oils from which high-grade lubricants are made. It

is again subjected to distillation which changes the character of

the wax to a crystalline form which enables it to be extracted.

The resulting cracked distillate is chilled by refrigerating ma-
chines and then pumped through a filter press to remove the

wax. The pressed oil is fire-stilled with bottom steam, the

residual in the still resulting in a lubricating oil stock. The
overhead distillates can then be fractionated, and when treated

become the various grades of automobile, air compressor and

engine oils. The wa'x taken from the distillate is sweated and

purified, and becomes the commercial paraffin wax.

Cracking
The decomposition of petroleum with the consequent

breaking up of the molecules, and the production of both lighter

and heavier hydrocarbons .is called "cracking." In the oil

industry, cracking processes are those designed to utilize the

above decomposition for the conversion of heavier oils into the

more valuable gasolines and naphthas. All petroleum hydro-
carbons have a characteristic temperature above which the

cracking reaction takes place. This temperature varies for

the different cuts from the given crude and for similar cuts

from different crude oils. For the gas oil and fuel oil distillates

now in use as stock for cracking operation, the temperature
necessary to cause the re-action is usually between 550 Fah.
and 600 Fah.

The great bulk of the stocks which are cracked for yields
of gasoline is composed of gas oils, and the stocks distilled from
crude oil between that cut and coke. There are two essential

factors in the cracking operation: temperature and the .time

AN D CON D EN S E R S P R EVE RV_ 5 ERVTCE
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through which the molecule is subjected to that temperature.

Pressure is corollary to the temperature. The simpler hydro-

carbons require higher temperatures and longer time than the

more complex ones of greater specific gravity. Such stocks as

kerosene distillate are therefore seldom cracked on a commercial

scale.

The systems in commercial use may be broadly classified

as cracking in the vapor phase and cracking in the liquid phase.

Cracking in the vapor phase consists in vaporizing the oil

and then producing the re-action by the addition of heat, or of

heat and pressure together. Temperatures ordinarily used are

from 1000 Fah. up, although it is possible to operate vapor

phase cracking at as low a temperature as 750 Fah. Among
the various processes which have been experimented upon in

vapor phase are the Rittman, Gyro, Greenstreet and Ellis.

The majority of commercial processes in general use are

on the liquid phase principle where the heat is applied to the

liquid under very high pressure sufficient to keep it liquid. The

processes in use are the Tube and Tank, Cross, Holmes-Manley,

Dubbs, Fleming, Isom, Coast and Emerson. There are also

many other processes but no attempt will be made here to de-

scribe them.

Casing Head Gasoline

Gasoline is also obtained from casing head gas which flows

from oil wells between the tubing and the casing. There are

two methods of handling this gas in the production of gasoline :

by the compression method and by the absorption method.

When the gas is rich, it is compressed by a two-stage com-

pressor at a pressure from 50 to 300 Ibs. and flows through a

series of water-cooled condenser coils in which the casing head

gasoline separates and is collected in tanks, while the non-con-

densable vapors are piped away.

The absorption process is used where the gas yields less

than l]/2 gallons of gasoline per 1000 cubic feet. This process

involves passing casing head gas under pressure through a heavy
oil in which the heavier constituents of the gas are dissolved and

retained by the heavy oil. By steam distillation of the heavy
oil, the casing head gasoline is recovered.

____AJMR._
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Pumps for the Oil Industry

In probably no other enterprise in the universe do pumps
play such an important role as in the oil industry. Pumps
contribute to the success of every phase of this great industry:

production, transportation of the crude, refining, transportation

of the finished products and marketing.

When the oil industry was in. its infancy, little attention

was paid to the economy and dependability of the pumping
equipment, but with the gradual development of the industry,

the resulting competition, and the narrowing margins of profit,

it has been found that economical and dependable pumping
equipment are absolutely essential. Realizing the exacting
service required of pumping equipment for the oil industry, and

the necessity of having pumps built for each particular service,

the Union Steam Pump Company has, over a long period of

years, developed a complete line of pumps for this particular

field.

A few of the many different types of pumps for the oil in-

dustry are shown on the following pages.

For general water supply, cooling towers, boiler feed, etc.,

Simplex, Duplex, also Centrifugal pumps are used. See page 461.

Light oils such as gas oil, gasoline, naphtha kerosene, etc.,

are generally handled "by specially fitted pumps of the Simplex,

Duplex or Centrifugal types as shown on oages 461 and 464.

For oil such as heavy crude residiums, specially designed

pumps are necessary with liberal valve and port openings. The

separate-chest pattern pump shown on page 461 is a special

type pump for this service.

For oil-line pumping, where the pressures to be met are

around 750 to 1000 Ibs., a specially designed pump is used of

the duplex type, as shown on page 462. The Duplex plunger

type of pump shown on page 463 is also used for this service.

For pumping oils against high pressures, also for charging

stills where the temperatures are not excessive, the plunger

pumps shown on pages 462 and 463 are used.

When it comes to the question of handling hot oils, the type
of pump to use depends not only on the temperature but the

pressure, the gravity of the oil, and the suction conditions.

Every condition is different, so no definite statement can ba



made as to the exact type to use until a careful study is made
of the conditions.

In general, pumps for hot-oil service may be classed as

piston and plunger types.

The piston type is designed and built in the valve pot

pattern, Simplex, Duplex and Twin, with semi-steel and cast

steel fluid ends. See pages 465 to 467. And for extreme con-

ditions for temperatures up to 1000, the piston pattern is fur-

nished in the Simplex, Duplex and Twin types with forged steel

fluid ends and cooled stuffing-boxes. See pages 468 to 470.

For pressures up to 3500 Ibs., and for temperatures up to

1000, the specially designed forged-steel plunger pump in the

Simplex or Twin with cooled plungers and stuffing-boxes shown
on pages 471 and 472 is furnished.

For handling heavy viscous oils like acid sludge, we furnish

a specially designed type of pump shown on page 474 with fluid

ends made of iron or acid-resisting bronze.

For fire protection, the *Foamite type of pump is used as

shown on page 473. This pump is a special type arranged for

handling two different solutions; one solution consisting of a

viscous material and bicarbonate of soda and the other con-

taining aluminum sulphate. When these two solutions are

brought together in equal parts, they will form a foam, whose
volume is seven to eight times the combined original volumes of

the two liquids, which is utilized in extinguishing fires.

For cargo loading, we build a special pump of the valve

pot type as shown on page 474.

In addition to the types of pumps shown, we make a com-

plete line of power pumps which are specially designed for

practically all the various services mentioned above.

Twin Pumps

The Twin pumps referred to herein and shown on, the fol-

lowing pages are a special type which we originated. The Twin

pump consists of two Burnham single pumps taking steam

through a patented synchronizing valve, which device keeps
the two pumps in step, one pump reversing when the other is

at about mid-stroke. The synchronizing valve is functioned by
the auxiliary pistons carrying the main steam valve of the two
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companion pumps, and this mechanism is entirely independent
of the valve gear which controls the stroke of the two pumps.

The Burnham twin mechanism is a simple device by means

of which it is possible for us to furnish a pumping unit which is

particularly adapted to handling oils. A few of the many
advantages of this pump are :

A pump with a very uniform discharge which is essen-

tial.

Flexibility, which is of paramount importance for a

pump for this service.

The pump may be operated as a twin or in case of re-

packing, repairs, etc., either side of the unit may be shut

down, the other continuing to run at practically double

the speed.

By utilizing the Burnham Simplex steam end, it is pos-
sible to obtain a high degree of economy which is character-

istic of that pump.

Since each pump is operated by its own valve gear,

there is no possibility of short-stroking as the pump must
take its full stroke before it can reverse. This feature is

particularly desirable for handling oils, also if the pump
should be used as a meter.

1
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Fig. 103a. General Service Duplex Pump for Light Oils and Water.

Fig. 95. General Service Simplex Pump for Light Oils and Water.

Fig. 205. Separate-Chest Pattern Duplex Pump for Handling Heavy Oil.
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Fig. 210. Duplex Oil Line Pump, 6 and 8" stroke.

Fig. 181. Duplex Oil Line Pump, 10" and 12" stroke.

Fig. 211. Simplex Plunger Pump. For Handling Oils Against High

Pressures, also for Charging Stills at Moderate Temperatures.
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Fig. 86.

Motor-Driven Pump. For Circulating Light Oils, Water, etc.

Fig. 213.

Motor-Driven Gasoline Pump.

Fig. 214.

Multistage Steam TurDme-Driven Centrifugal Pump. For High Pressure

Oil or Water, also for Boiler Feeding.
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Fig. 215.

Burnham Valve-Pot Pattern Simplex Hot Oil Pump.

Fig. 216.

Duplex Valve-Pot Pattern Hot Oil Pump.
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Fig. 218.

Simplex Forged-Steel Hot Oil Pump, Piston Pattern,

Fig. 219.

Simplex Forged-Steel Hot Oil Pump, Piston-Pattern with Compound
Steam End.

PUMPING MACHINERY, AIR COMPRESSORS
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Fig. 225.

Pump for Heavy Oils, Sludge, etc.

Fig. 182.

Cargo Loading Pump.
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Useful Information Oil

1 Barrel equals 42 U. S. gals.

1 Barrel per hour equals .7 U. S. gals, per
minute.

Barrels per hour x .7 equals gals, per min-
ute.

Gals, per minute divided, by .7 equals bar-

rels per hour.
Barrels per hour x 24 equals barrels per day.
1 Barrel per day equals .0292 gals, per

minute.
Barrels per day x .0292 equal gals, per min-

ute.
Gals, per minute divided by .0292 equals

barrels per day.
Number of barrels in pipe one mile long

equals diameter of pipe in inches squared

Velocity in feet per second equals .0119 x
barrels per day divided by diameter of

pipe in inches squared, or Velocity equals
.2856 x barrels per hour divided by the
diameter of pipe in inches squared, or

Velocity equals .408 x gals, per minute
divided by the diameter of pipe in inches

squared.
Net Horse Power equals the theoretical horse

power necessary to do the work.
Net Horse Power equals barrels per day ?

Pressure x .000017.
Net Horse Power equals barrels per hour

x Pressure x .000408.
Net Horse Power equals gals, per minute
x Pressure x .000583.

CHARACTERISTICS OF TESTED OILS



Characteristics of American Petroleum Oils
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Friction of Oil ' - 38 Beaume

Pounds Per Square Inch in Pipes 1 Mile Long

Barrels

per Hour
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